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Bulk Drying of Wheat 


by Forced Ventilation 


With Heated Air 


By W. M. Hurst’ 


HE problem of the storage and drying of grain has become 

increasingly important since the introduction of the com- 

bined harvester-thresher into humid regions. Harvesting 
the grain before it is thoroughly ripe, rain during the harvest 
season, uneven ripening of the grain, weeds, or a combination 
of these factors, are responsible for a moisture content which 
is frequently too high for storing the grain without danger of 
spoiling. From an engineering point of view the chief prob- 
lem is that of dehydration, or lowering the moisture content 
of the grain sufficiently to prevent moulding, heating, or 
“bin burning,” without injuring the germination or milling 
qualities of the grain. The maximum desirable moisture con- 
tent of wheat for storage under ordinary storage conditions 
is thought to be about 12.5 per cent by persons experienced 
in handling and storing this crop. 

Tests made by the U. S. Department of Agriculture in 
April, 1927, show that bulk drying of wheat by forced ventila- 
tion with heated air is unsatisfactory due to the fact that 
the rate of drying at different depths in the bin is not uniform. 
The tests show that wheat can be dried by this method but 
would necessitate thorough mixing after drying, before stor- 
ing the grain. If the drying period is continued until the 
grain in the upper portion of the bin is sufficiently dry, 
the grain at the middle and bottom of the bin is excessively 
dry, resulting in an undue loss in weight of the grain and 
waste of heat. 2 


1Junior agricultural engineer, Division of Agricultural Engineer- 
ing, Bureau of Public Roads, U. S. Department of Agriculture 
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Fig. 1. (Left) Relation between percentage of moisture and hours 


of drying with 1 ft. of wheat in bin—60.9 cu. ft. of air per minute 
per square foot of floor space at 1.96 in. water pressure 


Fig. 2. (Right) Relation between temperature and hours of drying 
with i ft. of wheat in bin 


An experimental dryer was built at Arlington Farm, 
Rosslyn, Virginia, and tests made on layers of wheat from 
1 to 5 ft. deep. The bin used was 2 ft. square, 10 ft. deep, 
lined with sheet metal and open at the top. The drying 
air was forced through the bottom of the bin, which was of 
screen wire. The bin was so designed that grain samples 
could be taken with a grain probe or sampler across the 
upper surface of the screen wire bottom, and at 12-in. inter- 
vals above. Thermometers were placed at these points in 
the bin in such a manner that the bulbs were at the middle 
of the cross section. The drying air was heated by ten 
resistance coils of nichrome wire so arranged that any one 
or more could be disconnected in order to maintain the de 
sired temperature. From the No. 2 Sirocco fan, driven by a 
3-hp. constant-speed motor, the air passed through 13 ft. of 
6-in. pipe to the heater box and thence through a slow-turn 
elbow to the bottom of the bin. All joints and seams in 
the air passage were either soldered or cemented except 
the slip joints which were taped. A damper was placed on 
the intake side of the fan to control the amount of air used. 


The tests were made on wheat purchased from a local 
mill, and water was added to raise the moisture content 
of the grain to the desired percentage, The moisture con- 
tent of the grain when purchased tested about 12 per cent. 
The grain was mixed and turned with scoop shovels in order 
to thoroughly distribute the water throughout the mass. It 
was then covered with a tarpaulin or placed in the bin and 
left for about 72 hr. at which time the water had been 
absorbed by the grain. 

The first readings for each test or day’s run were taken 
soon after starting the fan, and subsequent temperature 
readings were taken hourly. During the first few tests, grain 
samples were taken hourly, but later the samples were taken 
at two-hour intervals The Grain Division of the U.S.D.A. 
Bureau of Agricultural Economics made all of the moisture 
determinations by the Brown-Duvel method. 


Nine tests in all were run, two each with the grain 1, 2, 
3 and 5 ft. deep, and one with the grain 4 ft. deep. Figs. 
1 to 6 show the change in moisture content and temperature 
during three of the tests, in which the depths of grain were 
1, 3, and 5 ft., dried for 4, 10, and 16 hr., respectively, with 
air entering the grain at about 150 deg. F. Figs. 1, 3, and 5 
are notably alike in what they show covering the removal of 
the moisture, as are Figs. 2, 4, and 6 covering the attendant 
temperature changes. 

Figs. 1, 3, and 5 show that after 2 hr. of drying with 
original moisture contents of 15 to 16.5 per cent the grain 
at the bottom was excessively dry. At 1 ft. above the bottom 
the moisture had about reached the maximum desired condi- 
tion, but at 2 to 5 ft. elevation the percentage of moisture 
apparently had been increased slightly, probably with mois- 
ture evaporated from the grain below. After 2 hr. further 
drying, the effect was apparent 2 ft. above the bottom of the 
bin, although the moisture content there was yet undesirably 
high, while at 1 ft. the grain was now excessively dry, and 
at the bottom the moisture percentage was still lower. 

After another 2-hr. period, the grain was undesirably dry 
at 2 ft. from the bottom, and continuously drier below, while 
at 3 ft. above the bottom the moisture content was practically 
as at the beginning of the tests. After 8 hr. of drying, the 
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Fig. 3. Relation between percentage of moisture and hours of 
drying with 3 ft. of wheat in bin--52.5 cu. ft. of air per minute per 


square foot of floor space at 4.43 in. water pressure 
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Fig. 4. Relation between temperature and hours of drying with 
3 ft. of wheat in bin 

top of the 3-ft. layer reached the acceptable moisture content, 
and 2 hr. later had fallen unnecessarily low. Throughout the 
10-hr. period the moisture at the 3-ft. level in the 5-ft. layer 
continued higher than at the top of the 3-ft. layer by just 
about the initial difference of 1.5 per cent. In the 5-ft. layer, 
as far as the data show, the moisture content in the top 
foot or more increased somewhat immediately following the 
beginning of the test, and practically continued so for 10 
to 12 hr. of the drying period. At the 4-ft. level, the maximum 
desirable percentage was reached at 12 hr. of drying, and 
the minimum desirable at about 14 hr., while the top of this 
layer reached the maximum desirable at about 14 hr. and 
was undesirably low 2 hr. later. 

The similarity between Figs. 4 and 6 is striking. In each 
test, the temperature throughout the mass rose at practically 
the same rate during the first hour, the rates in both tests 
being practically identical. The slightly greater variation 
through the 5-ft. layer may perhaps be due to the slower flow 
of air through the mass. In each test the temperature at 1 
ft. above the bottom continued to rise at. the same rate for 
another hour, and thereafter at a decreasing rate. At the 
2-ft. and higher levels the temperature remained practically 
constant from the first to the third hour or longer, doubtless 
cocled by the moisture evaporated from the grain below. At 
the third hour, in each test, the temperature at the 2-ft. 
level rose sharply and continued to do so for 2 hr. or longer, 
at a rate somewhat less than the rise at the 1-ft. level through 
the same temperature range, but considerably greater than 
the rate at the 1-ft. level during the same hours. At the 
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Fig. 5. Relation between percentage of moisture and hours of 


drying with 5 ft. of wheat in bin—44.4 cu. ft. of air per minute 
per square foot of floor space at 5.69 in. water pressure 
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Fig. 6. Relation between temperature and hours of drying with 
5 ft. of wheat in bin 
sixth hour of drying, in both tests, the temperature at the 
3-ft. level suddenly rose, just as had occurred at the 2-(It. 
level exactly (as far as the data show) 3 hr. earlier. Similar 
rises occurred at the 4-ft. level after 9 or 10 hr. of drying, 
and at the 5-ft. level or upper surface of the grain at about 
the fourteenth hour of the test. The temperature curves 
show the effect of the over-night intermissions of 16 to 15 


TABLE I. Rate of Flow of Air Through Wheat 


Depth Static air Rate of Number 
of pressure flow of 
grain (average) (average) readings 
feet in. of water cu. ft. per min. 
per sq. ft. of 
grain column 
0 0.0 433.5 4 
1 1.96 60.9 5 
1 3.36 99.0 7 
1 4.34 107.6 . 
1 5.14 104.8 5 
2 4.62 78.3 16 
3 4.50 55.8 28 
3 5.35 60.0 5 
4 4.71 54.0 18 
5 4.61 43.2 23 
5 5.69 44.4 19 
6 4.59 37.9 5 
7 4.65 35.9 5 
7 5.6 33.9 5 
8 4.65 33.2 5 
9 4.64 29.3 5 
9 5.51 26.4 5 
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hr. in the drying periods, while the moisture content curves 
are not appreciably affected thereby. 

The data seem to show that in all the tests the grain 
dried in thin horizontal layers, progressively from bottom 
to top. This fact, and the unsatisfactory conditions of drying 
in bulk as found, suggest that a more practicable type of 
equipment for rapid artificial drying would be one that passes 
the grain in thin layers through the drying chamber. 

Pitot tube readings for all of the tests showed a slight 
decrease in the number of cubic feet of air discharged per 
minute as the grain dried. The flow of air through the grain 
was not uniform. It seemed to break through irregularly 
from time to time at different sections of the bin. An 
anemometer held in different parts and at different elevations 
in the bin above the grain would for a few minutes show 
a velocity several times the average, then would not regis- 
ter at all, but upon moving to another point would immediate- 
ly show a rather high velocity of the air. This condition 
probably explains why the percentage of moisture of the 
grain fluctuated near the top surface, even though the exhaust 
air was saturated and the grain temperatures would indicate 
that this air was saturated a foot or more from the top 
surface. (See Figs. 5 and 6.) 

In connection with these drying tests, measurements were 
made to determine the rate of flow of air through columns 
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of the grain of zero to 9 ft. height, at different air pressures. 
The results are shown in Table I. The static pressures were 
determined by a U-tube connected to the air chamber just 
below the screen floor of the bin. The total quantity of air 
was computed, except for the empty bin, from Pitot tube 
measurements of the velocity head at the center of the 6-in. 
pipe between the fan and the heating coils, about 12 ft. from 
the fan. When there was no grain in the bin, the air 
velocity in the pipe was beyond the range of the Pitot tube 
scale, and the quantity was determined by making anemometer 
traverses across the bin. Average velocities in the pipe 
were computed from the Pitot tube readings by the formula’. 
V=0.91 x 4005 x VP+C 
in which V = mean velocity in the pipe in feet per minute 
P = Pitot tube reading of velocity head in inches 


of water 
C = variable correction factor, determined for this 
instrument 
0.91 = relation of mean velocity to center velocity 
in the pipe. 


In the table, the rates of flow have been reduced to cubic 
feet per minute per square foot of cross section of the grain 
column or bin. 


Yt H. Carrier, Buffalo Forge Co., Fan Engineering (2d Ed.) 
p. 48. 


The Engineer in Agriculture’ 
By E. M. Freeman’ 


NGINEERING is science. The science of the engineer, 
EF as he is known to the world in general, lies chiefly in 

the fields of mathematics and physics. Recently we have 
come to recognize chemical engineers, although they look to 
me very much like chemists. To me the engineer seems to 
differ from the garden variety of scientist only in the more 
formal training which he receives for the purpose of applying 
his science to the standardized enterprises of human society 
such as roads, bridges, buildings, etc. In the beloved language 
of the academician he has been trained in a formal curriculum. 
In this he does not differ, however, from a doctor of medicine, 
who might appropriately be styled an engineer of human 
anatomy. 

The agricultural engineer is a comparatively new sport— 
I speak in a horticultural figure—in the rapidly growing gar- 
den of engineers. He seems to me to represent a new depar- 
ture in some respects from the time-honored engineering 
fraternity. ,I presume it would not be strictly correct to define 
the agricultural engineer as an engineer of agriculture. That 
term might—jocosely speaking—be applied to the whole army 
of generous and public-minded philanthropists in almost every 
walk and profession of life who are individually and collective- 
ly, by law and propaganda, by admonition, advice, warning, 
words, and experiment station bulletins engaged in saving 
agriculture. But an agricultural engineer is certainly an 
engineer whose activities are carried on in the field of agri- 
culture. Now, agriculture is the culture of the soil for the 
purpose of producing crops for the use of man. Without 
crops there is no agriculture. Agriculture is founded on bi- 
ology and the lowest basement; the rock bottom of the struc- 
ture is plant life. The problems of the agricultural engineer 
find their roots in the biologic problems of the soil and in 
the biology of the crops or herds produced from such crops. 

It is this characteristic of the basic relation in the field 
of the agricultural engineer which marks him out, in my mind, 
as a new departure from the fraternity of engineers. At 
least, I hope it differentiates him from the average engineer. 
It is my hope, also, that it will become the steadfast tradition 
in the training of agricultural engineers to develop an under- 
standing of the basic biologic problems of the farmer. In 
no other branch of engineering with which I am acquainted 
is such a knowledge of biology so important. Without that 


*An address before the 2ist annual meeting of the American 


Society of Agricultural Engineers, at University Farm, St. Paul, 
Minn.. June, 1927. 


_ Dean, college of agriculture, forestry, and home economics, 
University of Minnesota. 


understanding, the agricultural engineer cannot hope to render 
the service to agriculture which he may render, and without 
service he cannot hope to succeed. There are among you 
drainage engineers—trained in the knowledge of flow and 
use of water—the making of ditches and control of streams. 
Of what use is all the knowledge of surveying, cost and life 
of tile, rainfall statistics, etc., unless you have in mind at 
least an elementary knowledge of the water requirements 
of the crop plants and the result of the new environment 
which your drainage projects create in the life of the plants. 
Miles and miles of ditches have been dug, and water levels 
on lakes and swamps ruthlessly lowered or raised by men 
who had no knowledge of the exact effect which such changes 
might have on the existing crops of trees or other plants 
or upon the crops to be planted in such regions. 


Another example occurs to me in a more specialized field— 
one with which I am more closely acquainted. It is well 
known to you that wheat is attacked by the disease called 
stinking smut, or bunt. The losses in the United States 
each year amount to many millions of dollars. Since the 
earliest dawn of history when men first raised wheat or its 
progenitors, the engineering methods of threshing wheat 
have promoted in a most effective manner the spread of 
bunt. The flail, the oxen tramping out the grain, and even 
the modern threshing machine all spread the spores from the 
broken smut balls to the healthy grain where the bunt lies 
in wait for the new plant arising on germination in the 
spring. I would not have you think that I would lay the great 
prevalence of bunt at the door of the modern agricultural 
engineers. Wheat—even such as the plant breeders have 
developed for us in recent years—must be threshed. We have 
developed, moreover, an effective remedy for the evils of 
threshing in seed treatment, but in some wheat-growing areas 
even seed treatment is unable to control the disease. The 
point which I wish to drive home is that agricultural ma- 
chinery—one of the important fields of work for agricul- 
tural engineers—will be most effective when built with an 
understanding of the biological problems involved in the 
use of that machinery. The agricultural engineer is constantly 
in contact with biological problems and, to my mind, his 
training is incomplete unless he is firmly grounded in the 
principles of the biological sciences. 


It is not my contention that the agricultural engineer be 
required to be an accomplished botanist, zoologist, or bacteri- 
ologist. The world of science is not lessening its demands 
for specialization but is rather increasing them. We shall 
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continue to have specialists and more specialists. But the 
greater the degree of specialization, the greater the demand 
for an understanding of the relationships between the fields 
of the various specialist. It is my plea that the agricultural 
engineer realize and accept his place among the scientists 
in the great field of agriculture. Only through cooperation 
can the best results be obtained. The plant breeder today 
would be almost powerless to solve the problems presented 
to him without the aid of the plant pathologist, the entomolo- 
gist, and plant physiologist. Some of the most famous work 
in grain breeding at Minnesota was made possible in the 
early days only through the cooperation of agricultural engi- 
neers in the development of suitable machinery for planting. 
The plant pathologist is equally dependent on the plant breed- 
er, chemist, soil, and other specialists. The solution of the 
agricultural-engineering problems is rooted in biology, and 
only by cooperation with specialists can many of them be 
solved. It is an understanding of these principles, an under- 
standing of these relations, and an understanding of the 
methods and means of the engineer which will make possible 
the largest contribution of the engineer to agricultural service. 
The engineering problems in agriculture cannot be divorced 
from their contacts with other fields. The traditional engi- 
neer who thinks only in terms of logarithms and strength 
of materials has no place in a field bristling with biological 
problems. The new and successful engineer in the field of 
agriculture needs to know his logarithms and strength of 
materials, but he needs also to know plant and animal life. 
He will have need to join his engineering knowledge and 
methods to those of the botanist, the zoologist, the bacteriolo- 
gist, the agronomist, the animal husbandman, and the agri- 
cultural economist. 

Cooperation between scientific investigators is one of the 
great initiators of productive research. The application of 
new discoveries in the field of almost every basic science 
often finds expression in new or improved types of machinery. 
The success of crop treatments hangs frequently only on the 
mechanics of applying the treatment. I have known of 
promising investigations which have been discontinued merely 
because of the seemingly prohibitive mechanical difficulties of 
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application, and I have seen the same investigations reopened 
when the need for such applications seemed to warrant even 
the existing expensive methods of application. You who are 
engaged in research problems will find a fertile field for your 
own investigations in cooperation with your fellows in other 


sciences. But engineering is not merely a handmaid to the other 


sciences. It has a peculiar field of its own, and within that 
field it has reason‘to be proud of its record. We live in an 
engineering age. The earth, the oceans, and even the sky 
have been conquered. The giant which we call electricity— 
though we do not know his real name—has been made to 
periorm wonder upon wonder, until new discoveries, new 
inventions, and new feats of engineering skill almost fail to 
excite even comment. Conditions of our civilization are 
changing with a kaleidoscopic swiftness, which we fail to 
evaluate adequately. Can such profound changes as are going 
on about us every day fail to affect agriculture? Can any 
one predict with any degree of certainty the future of agri- 
cultural development? Such a prophet would be a bold one. 
But of one thing we can be sure, that engineering and its 
sister science fields will play a large role in shaping the 
destiny of agriculture. The industries of man are inter- 
dependent, but they are also competitive. Biology teaches 
that the most successful organisms are those most accurately 
adjusted to their environment. Agriculture, for the moment, 
is poorly adjusted. Manufacture, labor, and transportation 
are enjoying prosperity, and engineering is at least a large 
factor in this success, Engineering has a large placeinthe future 
of agriculture, and it is at once your privilege and your 
responsibility to determine how large that place shall be. 
Of one thing I am convinced. Your contributions, whether 
they be in the realm of personal research or in the applica- 
toin of research to practical uses, or in the training of future 
agricultural engineers, will be far-reaching and most effective 
insofar as they touch the fundamental problems of agriculture. 
A broad outlook, a knowledge of fundamental agricultural 
sciences, and a technical engineering training are essential 
equipments for such a task. And of these, not the least is 
the fundamental knowledge of those biologic factors which 
form the material basis of every form of agriculture. 


The Agricultural Engineer and Irrigation 
By M. R. Lewis’ 


GRICULTURAL engineering is generally regarded as a 
A special field of engineering. The pictures on the op- 
posite page hit the high spots of the field covered by the 
agricultural engineer who specializes in irrigation. Often 
he starts out by discovering a beautiful mountain lake which 
may furnish water to irrigate some small portion of the great 
American desert. Such a lake is Wenatchee Lake (1)? in 
central Washington, which is under consideration as a source 
of water at the present time. A summer spent in making 
surveys amid such surroundings is like one long vacation. 
Perhaps he finds that the natural flow of the stream is 
insufficient for his purpose. Then a huge storage dam like 
the Arrowrock Dam (2) on the Boise River in southern 
Idaho may be in order. A canal must then be constructed 
to carry this water. If the soil is suitable, the canal which 
may be a young river carrying 3,000 cubic feet of water per 
second as the Twin Falls canal (4), may be simply excavated 
in the earth. If the soil is too porous or the water is very 
valuable, the canal may be lined with concrete as is the 
Ridenbaugh canal (11). In either case the water must be 
measured if reasonably efficient use is to be made of it. 
Crews are shown (4, 11) making current meter measure- 
ments under very pleasant circumstances. When the 
measurement is of a river in flood and from a bottomless 
box swaying on a single wire rope or while balancing on a 
slippery foot log, it isn’t so peaceful an occupation. 
The Cipolletti weir and recording gage (6) are measuring 
the water out to the consumer, the individual farmer. Much 
progress is still to be made in this phase of the irrigation 


1Professor of Agricultural Engineering, University 
Mem AB AE. g g niversity of Idaho. 


*Figures in parenthesis refer to illustrations on the opposite page. 


engineer’s work. The value of water, like that of every other 
commodity, is best realized when it has to be paid for as 
used and not on a flat rate per season. Equitable rates for 
the use of water can be determined and economy of use 
effected only after the requirements of crops and soils are 
known, 80 We next see our specialist of specialists (5) investi- 
gating the rate of evaporation of moisture from soils under 
varying conditions. The proof of the pudding is in the eating, 
so the proof of an irrigation system, whether we speak of the 
physical project or of the method of operation, is in the 
crops that are raised; the harvest of an experimental oat 
crop at Twin Falls, Idaho, is shown (8). 

Sometimes the bottom drops out of the ditch as in the 
case shown (9). Then emergency work must be done by 
whatever means are at hand, even if it is only picks and 
shovels in the hands of farmers whose water supply is cut 
off. 

Spreading the water over the land by flooding (12) or by 
corrugations (13) has heretofore been considered the sole 
perogative of the landowner or his employee. However, the 
agricultural engineer must take a hand in this too, if the 
best results are to be obtained. Proof that water has been 
all too wastefully applied is uncomfortably obvious in the 
evergrowing seeped and alkalied areas. 

Having allowed the waste water from the irrigation sys- 
tems to raise the water table to a disastrous height in so 
many places, the engineer must now proceed to install drain- 
age systems. Since these drains are intended to lower the 
water table below the danger zone and since the almost 
universal presence of alkali in the irrigated soils makes that 
zone a deep one, drains must be deep. The construction of a 
tile drain in Malheur County, Oregon is shown (3, 10). The 
open drain (7) is beginning to show the need for maintenance. 
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The 


‘“Combine’”’ 


Vol. 8, No. 8 


in Saskatchewan’ 


, By E. A. Hardy’. 


OMBINES have been used in Saskatchewan since 1922. 

In that year the Dominion Experimental Farm at Swift 

Current cooperated with the Massey-Harris Company in 
carrying out some experiments to find out whether or not 
the use of the combine would be at all adaptable to Saskat- 
chewan. I have a table which gives the location of the 
combines and the makes of combines. The number of com- 
bines now totals one hundred and forty-six in Saskatchewan 
and twenty-five in Alberta. In Manitoba, just north of Minne- 
sota, there are two machines. 

The average acreage of wheat cut per comb’ne, as esti- 
mated by J. K. McKenzie, assistant superintendent of the 
Dominion Experimental Farm at Swift Current, is 525, and 
the average for thirty-four farms which I visited is 525 
acres. Thus the estimated total acreage of wheat harvested 
by the combine amounts to 76,650 acres. Mr. McKenzie also 
estimates that 3,500 acres of flax, 1,000 acres of fall rye, and 
150 acres of oats, totaling 81,300 acres of crops were harvested 
by the combine in 1926. 

In studying the use of the combine in Saskatchewan, the 
general agriculture of the province must be considered. The 
total area of land under cultivation in 1924 was 26,622,582 
acres, of which there were 5,309,300 acres of summer fallow. 
We do not have rainfall enough to crop all of this land every 
year. In the remainder there were 13,033,000 acres of wheat, 
4,942,465 acres of oats, 178,094 acres of rye, 927,082 acres of 
flax, 953,857 acres of barley, 87,115 acres of corn and 450,853 
acres growing other crops. The average dates of seeding for 
the ten-year period, 1915 to 1924, commenced April 19 and 
finished April 26. The average dates of cutting commenced 
August 15 and finished September 8, while threshing was 
general, September 14. The average date for threshing with 
the combine in 1926 was about September 1, finishing the first 
week in October. Flax cutting was later. 

The average rainfall in inches for the province in the 
crop districts is as follows: Southeastern, 17.99; Regina- 
Weyburn, 16.48; South Central, 14.31; Southwestern, 14.53; 
East Central, 16.77; Central, 13.25; West Central, 13.45; 
Northeastern, 14.15; Northwestern, 13.97. 

The growth of the crop depends a great deal on the d's- 
tribution of the rainfall during the growing season, which 


Professor of Agricultural Engineering, University of Saskatche- 
wan. Mem. A.S.A.E. 


*A contribution to the combine symposium presented at the 
meeting of the Farm Power and Machinery Division of the Amer- 
ican Society of Agricultural Engineers, at Chicago, December, 192s. 
Abridged. 7 


for 1926 was 1.3 inches in June, 1.5 inches in July, 2.5 inches 
in Augusi, 1.7 inches in September, and 0.5 inch in Western 
and 1.8 inches in Eastern Saskatchewan during October, 
That is not an enormous amount of rainfall during harvest, 
yet the rainfall came a little every day, which made harvesting 
difficult. We find this year, for instance, that the grain was 
able to stand for months and not shatter materially. The 
explanation is that, not only was it a type which normally 
does not shatter easily, but during July there was a consider- 
able period of hot, dry wind, a period which tended to shrivel 
up and dry out the crop, and which prevented a complete 
filling of the head. The kernels were not forced out of 
the husks but were held firmly. The result was that the 
grain stood months and months without shattering materially. 
Red Fife, a wheat which normally shatters at a touch in the 
fall, stood and was harvested by the combine satisfactorily, 
because it was dry and the heads were not filled out. 

The hot wind in July shortened the straw and reduced the 
yield considerably. Thus the average yield of crop cut by the 
combine in 1926 was not high. The quality of the grain wa; 
lowered below normal, and on a considerable area the 
straw was very short, making cutting by any method difficult. 

On the results of two years’ tests at Swift Current we have 
attempted to calculate the cost of threshing with the combine 
in comparison with the cost by binding, shocking and thresii- 
ing in the usual way. The cost with the combine, when it 
can be used with as good results as it has been in these 
two seasons, is at least ten cents per bushel less than with 
the binder. The following statement shows the method of 
arriving at the cost of threshing with the combine. ‘The 
factors known and assumed for 1923 included (1) initial cost, 
$2,000.00; (2) depreciation, 10 per cent; (3) interest, 8 per 
cent; (4) repairs per year, $150.00; (5) average area har- 
vested, 25 acres per day (20 bushels per acre); (6) machine 
in use 15 days in the year. Owing to lack of definite informa- 
tion, depreciation and repairs are assumed. 

Cost of Threshing With the Combine in 1924 
(Area of field, six acres) 
Interest, depreciation, and repairs, 6 acres at 
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Bird’s-eye view of two “combines” in action in the wheat country 
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The modern tractor combine outfit is making a big reduction in the cost of producing grain 


Yield for 6 acres, 201.6 bushels 
Yield per acre, 33.6 bushels 
Cost per acre, $2.39 

Cost per bushel, 7 cents. 

Owing to the high yield, the cost per bushel is low. In the 
case of a crop yielding 10 bushels per acre, the cost per bushel 
would be approximately 24 cents. 

The following data furnished by F. B. Lynch shows that 
in 1926 they cut, threshed and put in the elevator, at a 
distance of two and one-half miles from their farm, 535 acres 
of crop, cutting an average of 31% acres per day. 


Gasoline, 540 gallons at 3344 cents per gallon ......... $180.90 
Lubricating oil, 15 gallons at 90 cents per gallon ...... 13.50 
Viord 00)... kes esas Ritasasesrearess idm seauwaaeeouiea | lee 
1 man, 17 days at $6.50 per day ............. Senaeiseas: ae 
6 men, 17 Gage At $6.00 Per GAY 0... cccccecccccseaees: BIOIOD 
1 man, 16 days at $5.00 per day ............... ekwen. eee 

TI PAN 5 50 400 de wa 0's. cchae eae waa $896.90 
Elevator weights ....,..............16,325 bushels of wheat 


675 bushels of barley 


17,000 bushels Total 
Cost per bushel, operation and hauling only, $5.27 
Cost per acre, operation and hauling only, $1.68 
Cost of repairs: 1924, none; 1925, $2.00; 1926, $25.25. 

Adding 10 per cent depreciation and interest on the invest- 
ment to these cost figures, the average cost per bushel 
amounts to only seven cents. 

The cost per bushel of harvesting with the combine de- 
pends largely upon the yield per acre. An acre of crop yield- 
ing 30 bushels can be harvested for practically the same acre 
cost as an acre yielding only 10 bushels. This factor m‘ni- 
mizes the value of cost figures per bushel. 

Apparently there is no doubt, however, that the cost of 
harvesting with the combine is much less than harvesting 
with the binder, where the cost of cutting is 75 cents per acre, 
twine 50 cents per acre, shocking 75 cents per acre 
and threshing 13 cents per bushel. Many report that the 
combine has paid for itself in the saving on the one crop. 

The use of the combine has reduced the hired help neces- 
Sary for harvest. Many of the users report that with the 
combine they need no extra help, while a few have even 
harvested with less help than their regular summer crew. 
The harvest help problem is serious in Saskatchewan. 

The grain cut and threshed by the combine has been of 
equal grade with that harvested by the binder, shocked and 
threshed in the usual way. George Boyd of the field crops 
branch of the Department of Agriculture of the Province of 
Saskatchewan reports the following field observations: 

“On September 3, 1925, field observations were made on 
the work of a sixteen-foot combine being operated in a 


ninety-five-acre wheat field near Forgan. The crop was fairly 
heavy and had been badly lodged by a hail storm on August 
11, approximately fifteen per cent damage being done. In 
order to pick up the lodged grain the cutter bar was set 
low, thus delivering a much greater volume of straw to the 
thresher than would ordinarily be handled with an erect 
standing crop. A fairly heavy undergrowth of weeds was 
present in the crop, and, with the cutter bar low, these were 
cut with the grain and delivered to the cylinder. It was noted 
that the reel broke off a number of heads, which dropped 
onto the ground in front of the knife, and also that a number 
of heads passed through the machine without being complete- 
ly threshed. 

“The threshed wheat was dry and of very good quality 
but contained considerable moist weed seeds and finely ground 
weed stems. This moist weed trash was so damp that the 
delivery spout plugged now and then. The job of threshing, 
on the whole, was satisfactory, allowing for the usual 
difficulty of threshing a hailed crop. A good many white 
caps were, of course, present in the threshed sample. One 
carload was shipped without cleaning and graded No. 1 
Northern, 3 per cent dockage. The second carload was 
cleaned previous to shipping, and graded No. 2 Northern, 
with no dockage. * 

“This outfit was again visited on September 22, when it 
was being operated on a farm near Hughton. During the 
interval almost continuous rains had occurred causing the 
heavy crop to lodge badly. In portions of the field the wheat 
was practically flat. The cutter bar was also set low for this 
crop, thus putting a heavy volume of straw through the 
combine. It was noted that there was some difficulty in 
shaking the grain completely out of the straw and that a 
number of heads passed through the threshing mechanism 
without being threshed. The threshed grain was badly 
bleached and tough. The grades secured on four carloads 
threshed with the combine on this farm were two cars No. 
2 Northern, tough, and two cars of No. 3 Northern, tough. 
It should be observed, in fairness of a comparison, that tough 
grain was being threshed from the shock in the neighbor- 
hood at the same time. 

“Another combine was being operated early in September 
in a.320-acre field in the Glamis district. This outfit appeared 
to be working under the most favorable conditions of any 
machine visited. The field was level, the crop mature, stand- 
ing erect and evenly ripened, and the field was practically 
free from weeds. 

“The threshed wheat was of excellent quality and all 
samples taken tested dry. Practically no green kernels were 
observed in the threshed sample. Approximately sixteen 
thousand bushels of wheat in all were threshed. Eight car- 
loads graded No. 1 Northern, three of these having one per 
cent dockage and the other five no dockage. The ninth car- 
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load graded No. 2 Northern with no dockage. The operator in 
charge of the elevator, through which most of the grain was 
marketed stated that no better grain had been delivered to 
his house that season. ~ 

“In the Ponteix district four hundred and forty acres of 
wheat were harvested with a fifteen-foot combine. Owing 
to frequent rains considerable time was lost in harvesting 
the field, some twenty days being required. All the grain 
from this combine graded No. 1 Northern.” 

The green kernel is one of the things that bothers the 
Saskatchewan farmer. It is due to the nonuniformity of 
wheat ripening, caused by the presence of low spots in the 
field which are green when the average condition of the crop 
would be noted as ripe. We find that instead of cutting 
around the green spots, a good many operators drive right 
through, getting a considerable quantity of green kernels 
mixed in with the ripe ones. Those green kernels look bad, 
and we find they oftentimes give difficulty in handling by plug- 
ging up the spout. But a day or two following threshing a large 
part of the green kernels have turned and only a very few 
of the extremely immature kernels are noticed as immature 
grains. 

The combine has been cutting short weedy crops which 
could only be handled with considerable loss with the b/nder. 
Mr. Boyd of the Department of Agriculture reports the fol- 
lowing from field observations in 1925: 


“The owners had operated this machine during 1924 and 
had been able to harvest a very short, weedy crop which had 
proven almost impossible to handle with binders. They 
stated that they believed their machine had paid for itself 
during 1924 by making possible the handling of this short 
crop. 

“Another combine was being operated in the Hughton dis- 
trict during 1924 and 1925. The owner expressed himself 
as being very well satisfied with the machine. With the 
combine, in the fall of 1924, he had been able to harvest a 
short crop so badly infested with Russian thistle that binders 
would not handle the crop. The combine was able to cut 
the heads off above the Russian thistles with comparative 
ease. Any of the threshed wheat which contained consider- 
able green Russian thistle trash was dumped in piles on the 
bare ground. No difficulty was experienced with heating or 
spoilage. This owner favored dumping grain containing green 
weeds or excess moisture, in heaps of seven or eight loads 
on the ground to dry. He also stated that be believed h's 
machine had paid for itself in 1924 by reason of the crop 
saved.” 


I find quite a number doing that. Where there is an 
enormous amount of weed growth and wet weeds in the wheat, 
they have been dumping it on the ground and leaving it in 
piles. They imagine the ground takes up some of the mois- 
ture. At least the green weeds wither and become of prac- 
tically no effect. 


The use of the combine necessarily increases the risk 
of loss due to the wheat shattering in the wind. Observa- 
tions indicated that conditions during the growing season of 
1926 were favorable for minimum shattering. The dry hot 
weather in July tended to prevent filling to the extent that 
the grain was held firmly, and shattering, even in Red Fife, 
was not excessive, and was not at all serious in pure bred 
spring Marquis wheat. All reports indicate that when pure 
bred Marquis is seeded, the risk due to shattering is negli- 
gible. 


The use of the combine is hampered by irregular ripening 
of the grain in the field. Low and thinly seeded spots ripen 
more slowly than the higher and more thickly seeded parts. 
Some have reported that the low spots have been cut around 
and left until last, with the result that considerable risk. and 
loss due to frost is experienced. Reports indicate that uni- 
formity in ripening is accomplished by using pure bred Mar- 
quis seed sown 1% bushels to the acre when the normal rate 
of seeding was 1% to 1% bushels per acre. The seventeen 
thousand bushel crop reported by Mr. Lynch was seeded 
thickly with the result that he was able to cut his crop ten 
days earlier than any of his neighbors. 

The gradual increase in the damage to the crop caused 
by the sawfly presents a problem to the combine user. Many 
of the combines were fitted with extension guards this fall 
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in an attempt to pick up grain which had been cut off by the 
sawfly. The binder is unable to get much more of the dam- 
aged wheat than the combine. However, the practice of 
raking the field to collect the lost grain is impossible when 
the straw: is scattered over the field by the combine. Also 
the efficiency of the combine may be lowered by the excess 
straw when the grain is cut too low in an attempt to pick up 
the damaged grain. 

Where the binder is used, the most important method of 
reducing damage by the sawfly is to cut the crop slightly on 
the green side. This is based on the fact that the grubs do 
not sever the stems until they are dry, no matter how long 
the plants take to ripen. This method has no material 
effect in reducing the infestation, but by harvesting the crop 
before it becomes dead ripe most of it may be saved in favor- 
able or even average years, and with no loss of grade. Such 
procedure is out of the question where the combine is used, 
and, moreover, the delay in time of cutting greatly increases 
the risk to infested stems from winds, rain and hail. 

In districts at present heavily infested by the sawfly, where 
it is desired to use the comb:ne, methods must be employed 
which will effectively reduce the rate of infestation. Of 
these, plowing down all infested stubble between August 1 
and June 6 of the preceding year is probably the most effec- 
tive. The plowing must be not less than five inches deep 
and turned upside down so that there is little or no over- 
lapping edge. With spring plowing, subsequent pack’ng is 
practically essential. Another effective method of reducing 
infestation is the use of the trap strip. 


Cradle Versus Combine 


F IT had been necessary to harvest the Kansas wheat crop 
by the methods of 100 years ago, when the cradle and hand 
binding were in vogue, it would have required 775,000 har- 
vest hands working 20 days to cut, bind, and shock last 

year’s crop, is the estimate of H. B. Walker, head of the 
department of agricultural engineering at Kansas State Agri- 
cultural College. These ancient methods would have required 


all the male population of the state between the ages of 15 
and 60 years and in addition, all of the women between the 
ages of 20 and 37 years to complete the harvest. 


A bit of ancient history in grain harvesting 
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The Mechanization of Agriculture a New Art’ 


By O. B. Zimmerman’ 


President, American Society of Agricultural Engineers 


ROADLY and practically speaking, the 

mechanization of agriculture is a new art. 

It is difficult now to realize that eighty 
years ago there were virtually no farm imple- 
ment factories. Making the few and simple 
tools that agriculture then knew was the job 
of the blacksmith, the wheelwright and the 
farmer himself; even the farm wagon was 
often homemade. 

The contrast between then and now is both 
striking and significant. Today there is hard- 
ly a town too small to have its farm imple- 
ment dealer, distributing the widely varied, 
highly specialized, and constantly improved 
tools and machines, the range of which pro- 
vides means of dealing effectively with every 
phase of farm operation. 

Again, speaking broadly, the mechaniza- 
tion of agriculture is now passing into its 
third major phase. First was the period of 
hand farming, that began when, before the dawn of history, the 
first man scratched the soil with a sharpened stick and planted 
the seed of some edible wild plant—a period that lasted until 
the advent of the reaper and the steel plow, about the middle 
of the last century. After that came the period of farming 
with animal power, and with it a rapidly developing line of 
machines to cover all operations from the making of the 
seedbed to the harvesting of the crop. Now we are at the 
beginning of the age of mechanical-power farming. We are 
witnessing today a change almost as revolutionary as that 
which marked the transition from hand to animal power on 
the farm. 

The effects of these two great advances in agriculture have 
often been measured in economic and sociological terms. 
The purpose of this paper is to deal with them rather with 
a view to outlining some of the mechanical problems in- 
volved which may be somewhat unfamiliar to engineers 
engaged in other fields of industry. 


Agricultural machinery may be grouped for the purposes 
of this paper as follows: 


1. Stationary machinery, where the machine setting may 
be considered reasonably permanent 


2. Portable machinery, where there are several more or 
less temporary uses which warrant set-ups for the 
different jobs 

3. Mobile machinery, or those machines whose main func- 
tion is performed while they are in motion. 


Many points of interest might be brought out in a review 
of the stationary and portable agricultural machines, but the 
class of mobile units involves so many more real and dis- 
tinctive engineering problems and successes that our atten- 
tion will be centered, for this discussion, on that class alone. 

Interesting, and we may even say at times spectacular, 
mobile applications are those devoted to row crop, grain field, 
root crop, and orchard areas, where the machine must go 
to the work, that is, to the crop, to perform its service. In 
this feature we see a marked contrast with most industrial 
operations, where the material is usually brought to the ma- 
chine rather than the machine to the material; and thus 
mobile requirements stand out prominently in every detail of 
the design of this large group of machines, 

For the moment, then, let us consider the dominating 
operations which must be performed on the farm and deduce 
therefrom those distinctive requirements which must become 
a definite part of each successful and economically valuable 
machine. Every successful designer must know these re- 
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quirements and have them so definitely in 
mind that they will be reflected in his solu- 
tions, whether they be simple and rugged or 
intricate and delicate. These dominating 
operations may be classified as follows: 

1. Development of power for belt work, 

transportation, and for draft 

2. Preparation of the seedbed, involving 

fertilizing, plowing, disking, harrowing, 
leveling, and packing 

3. Planting of the seed, involving seeding, 

drilling, and planting 

4. Cultivating the crops and destroying 

weeds 

5. Gathering of the crops by such means 

as mowing, raking, loading, harvesting, 
and digging 

6. Processing of these crops — baling, 

threshing, ensiling, and grinding 

For these main operations power and trans- 
port equipment must first be provided. As the above opera- 
tions changed from simple to more complex, the past 20 to 
30 years have seen the power source pass from man, ox and 
horse, through a brief period and limited application of 
steam, to the internal-combustion engine. Here and there 
today the entry of adaptable electric motive power is fore- 
seen rather than observed. 

Owing to its inherent and increasing flexibility and adapt- 
ability, the internal-combustion engine has proved itself most 
popular. It also gives us control with the minimum of man 
power and the maximum of available power per unit of weight 
without necessary use of much auxiliary equipment and sup- 
plies. These advantages have rapidly broadened its uses. 
Its popularity was helped markedly by the advances in auto- 
motive engineering, yet even in the engine details there have 
been definite divergences in design and many special features 
have been developed, owing to the special requirements and 
conditions which the tractor must meet. 

For example, the tractor’s continuous sustained operation 
over irregular, rough and dust-making surfaces has neces- 
sitated special attention to enclosure or other protection 
against dirt. This affects the point of intake of air to the 
carburetor as well as the straining from the air of dust by 
devices especially made for this purpose. Such provisions 
are now approaching their logical place as regular auto- 
mobile equipment. 

Other engine features which demand special attention 
are the custom of loading the tractor almust constantly at 
or near maximum, the slower operating speeds of from two to 
four miles an hour, the light weight of the entire tractor as 
compared with the power exerted, economy of fuel and lubri- 
eants on the road or in the field, successful operation with 
kerosene or gasoline as economy dictates. 

Out of these and many other influencing conditions, after 
many failures and many partial successes, there has been 
developed the cheap, light, convenient, reliable, and highly 
efficient farm tractor of today—a machine that appears to be 
as well standardized as the automobile in general design and 
capacity. 

We are now witnessing a very definite enlargement of the 
tractor’s scope from restricted use as a pulling machine to 
the activities of planting and cultivating row crops. Quite 
recently we have seen its extension of useful power through 
the power take-off. 

Due to this latter improvement we can now see important 
modifications in many farm machines as the wheels on drawn 
machines are relieved from their former function of furnish- 
ing a ground traction and the power to operate the machine 
comes direct from the tractor engine through the power take- 
off. 

Between the farm tractor and the motor truck, the large 
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This tractor-drawn, power-driven corn picker handles 11 to 12 acres a day. When picked the corn is hauled to a tractor-driven sheller 
and shelled. Under average conditions fuel and labor costs for picking and shelling amount to 5% cents a bushel 


cost element of the farmer’s field and road transportation 
is well cared for. The principal modification brought about 
in this respect has been the need for developing multiple 
equipment in the form of wagon and trailer trains. The trac- 
tor can thus utilize its drawbar capacity more economically, 
the design features needing special attention being the con- 
trol of this train over a trackless path and making the train 
track. Over-run must also be cared for. There are many 
problems still to be solved in this respect for operation in 
hilly country. Low-down types of wagons for trailers might 
also be mentioned as developments toward economy of labor. 

It may be desirable now to generalize for a moment on 
the dominating characteristics of mobile field machinery, since 
its design and operation must be coordinated with the power 
units in speed, power, strength, and utilization, in order to 
be effective. All such equipment must meet a wide variety of 
field conditions. 

The area of mobile operation may be irregular in contour 
and the ground may be soft, hard, stony, sandy, or sticky. 
There are hillsides to deal with, also flat lands and valleys. 
This machinery is subject at all times to weather conditions— 
to heat, cold, moisture, and dryness. It is therefore obvious 
that the designer’s viewpoint is distinctly different from that 
of one who meets indoor conditions where there are far less 
jolting and shock-producing operations and where expansion, 
contraction, and resistance to rust seldom appear as important 
factors. 

From an operating standpoint the problem of maintenance 
is noticeably different from that of stationary machinery. 
Lubricants of different specifications for the widely separated 
bearings are necessary. Bearings must have a definite flow 
outward to avoid washing dirt or dust into them; the intended 
alignments of light-weight, flexible, yet strong parts, must be 
reasonably maintained and still avoid weave or cramp that 
would interfere with satisfactory operation, Practically al! 
repairs must be made in the field, away from shop facilities, 
hence speed is the essence of repair. Accessibility and unit 
construction are therefore far more important than in other 
classes of machinery. The controls must be convenient, cer 
tain, rangy, and responsive to the operator, who may be expert 
or without special skill. 

In agricultural machinery design the prominent funda- 
mental operations must be met by a light, strong frame about 
which the designer builds combinations of operating units 
which shall function as intended and at the same time permit 
necessary simple modifications or attachments to be made to 
meet the needs of special crops or unusual conditions. The 
problem is therefore comparable with that of building a ma- 
chine tool with its main-governed operating parts provided 
with suitable jigs and fixtures to widen its usefulness and 
effectiveness. 

Reliability and simplicity must always be outstanding fea- 
tures of farm machinery design. It is not difficult to design a 
complicated machine, but it takes genius to devise a simple 
machine that will accomplish the same results. High articula- 


tion in adjustments is essential. Convenience and protection 
of the operator, whether in manouver or during field repair, 
must not be lost sight of in any machine. 

A general glance over such machines as a mower, grain 
binder, side rake, grain drill, corn planter, or harvester- 
thresher cannot fail to impress the observer with its likeness 
of design to light-weight airplane construction, yet these agri- 
cultural machines are full of the most difficult problems for 
the designer. There are numerous wheels, chains, cams, 
springs, trips, ratchets, irregular-shaped parts, braces, ties, 
intermittent cycle operating parts, which make mechanical 
drawings often as useful as a three-plane sketch of a brush 
heap. It is this feature which, for economy’s sake, forces 
the processes of development into building around an idea 
until the machine can be reduced to record drawings. The 
system of using complicated samples in addition to drawings 
as a guide in multiple manufacture also results in economy, 
speed, and simplicity in this kind of construction. 

Another prominent feature of agricultural-machinery de- 
sign is the necessity of meeting a wide range of adjustments 
of groups of parts one to another in order to deal with vari- 
ations of soil or crop. 

Take for example a 14-in. plow, set to cut 6 in. deep and 
draw it at 3 mi. per hr. In light sandy soil the dynamometer 
may read as low as 150 lbs., whereas in gumbo it may read 
1800 Ibs. under hard conditions. 

The mower may encounter thin, light grass, or heavy 
alfalfa. 

The binder may meet grain 12 in. high or 6 ft. - The grain 
may be standing up straight, or it may be lodged almost flat, 
so that the knife must barely skim the ground. 

The wheat crop may be 8 bu. per acre, or 40 bu. and special 
yields of 80 bu. per acre are met. The same machine must 
handle one extreme as well as it does the other. 

The grain drill may be required to deposit evenly anywhere 
from a half bushel to four bushels of seed per acre. If the 
seed is oats, it may mean the planting of 15 Ibs. per acre 
minimum, and if it is barley, it may require as much as 340 
Ibs. per acre. 

What would be the effect on a farmer if his grain binder 
missed tying a few bundles per hour? The binder must tie 
with a permissible miss of only a fraction of one per cent, 
in spite of the difficult physical variations, When the knotter 
is in good order, when no fault can be found with the twine 
as to size or strength, one can count on not over one miss 
to a thousand bundles. Whole days of operation are recorded 
without a miss. 

In addition to these variable field conditions, it should be 
remembered that we are in most cases dealing with a peculiar- 
ly light-weight product which is delicate to a considerable 
degree. The ripe grain in the field must not be too roughly 
handled or shattering results with accompanying wastage. 
Such crops as peas or beans are particularly susceptible tc 
injury in harvesting. If grain is handled by the thresher 
cylinder at too high speed, cracking results with loss in grad- 
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ing. If threshed too slowly, grain will not be removed and 
will be blown into the stack with noticeable loss. Similar 
delicacies must be considered when applying machinery to 
handling corn, beets, potatoes. Undesirable bruising, skin- 
ning, or other injury affects the keeping value as well as 
the saleability. 

If the entire range of machinery as applied to agriculture 
be reviewed, one cannot fail to see the extremes in fine and 
coarse construction which must be met. The delicate, high- 
speed cream separator, which must not miss even a small 
fraction of one per cent of the cream present in the milk, is 
one type. The separator when brought up to a speed of 
7,000 r.p.m. and allowed to come to a stop under its inertia 
will run for 22 min. .That surely is an indication of refined 
design and workmanship. 

The simple rugged plow is quite another. In operation the 
plow is a rigid unit. It must enter the ground to a predeter- 
mined depth, cut, raise, turn reverse and place a strip of soil, 
while at the same time it must cleanly and accurately cover 
trash, fertilizer, weeds, or other litter. In its highest form 
the plow today is but a play tool for the farmer, who, seated 
comfortably on the tractor, simply jerks a string to set his 
plows in the ground automatically, or likewise lift them. 

The automatic power lift or trip is now applied to numer- 
ous farm tools, thus reducing the back-breaking heavy lifts 
formerly required of the operator. Release hitches are being 
similarly improved. 

As one travels through the country in growing time and 
scans the regularly laid out corn fields, he must credit, 
without reservation, the genius of those who devised a plant- 
ing tool that can click off the two to three kernels of corn at 
such regular intervals that rows, even on irregular surfaces, 
will line up for cultivation in both directions. 

Years ago one man could with difficulty perform all needed 
operations on a farm of 20 acres. Today, with modern equip- 
ment, one man alone can operate 160 to 320 acres, according 
to his crop. In lister wheat territory, with tractor power, 
one man can handle 320 acres and not work more than 100 
to 150 days a year. With five men and five 15-30 hp. tractors, 
with three 14-in. bottoms, traveling 3 mi. per hr., a farm 
of 640 acres can be plowed in 12 days, where formerly five 
men and ten horses took 64 days to cover the square mile. 

Corn cultivation has always been one of the slowest, mean- 
est, hardest jobs in farming—a hot and dusty task as exhaust- 
ing to the farmer as to his horses. Under horse power culti- 
vation the single-handed farmer has all he can do to take 
care of 40 acres of corn. With the all-purpose tractor he 
can handle 125 to 150 acres; and with that kind of a tractor 
and a lister cultivator he can easily handle 250 acres. 

Grain can be planted, cultivated, or harvested in a similar 
manner regularly and easily at the rate of 25 acres a day per 
man; 50 acres per day can be covered under pressure. One 
man with three boys handles nearly 2,000 acres of Kansas 
land, year in and year out. These examples definitely indicate 
the progress which has been made in mechanizing agricul- 
ture. 

Another way of indicating the gains made by machinery 
can be stated in terms of man-hours devoted to an acre to 
produce a crop by various methods. For example, using the 
standard binder method in grain it takes 4.6 man-hours to 
harvest an acre; using a header, 3.8 man-hours, while with the 
harvester-thresher it is 0.75 man-hours, or a reduction to less 
than one-sixth, 
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Moreover, owing to the handling methods used, the loss 
of grain shattered or shaken out in the process of gathering 
amounts to the following: Standard binder method, 6 per 
cent loss; header method, 3% per cent, harvester-thresher 
method 2% per cent, which saving alone is a marked advance. 

It is logical, then, that the harvester-thresher is extending 
its uses into areas formerly not considered suitable to this 
method of harvesting. 

Much gain also can be attributed to what may be called 
the timeliness of action with these high-capacity machines. 
Plowing can be done at the most suitable hour, night and day 
operation of the untiring tractor being entirely possible. A 
longer growing season is certain in the higher latitudes, 
especially. 

It is not alone the inadequate returns of farming that 
tend to force men out of agriculture. The excessively hard 
work, even with the best horse power equipment, has had its 
effect in the same direction. Mechanical-power appliances 
are rapidly reducing both these drawbacks. Tractor farming 
not only improves the farmer’s net return by increasing the 
production per man, and thereby reducing production costs, 
but it also takes still more of the back-breaking labor out 
of farming. Any man who has ever tried it will remember 
the weariness resulting from a full day’s work driving a 
horse-drawn binder. With one loader, the power take-off and 
a 10-ft. binder, a man can get twice as much work done in 
a day and not be half as weary. 

The higher speeds reflected in the design of modern farm 
tools, their greater capacity and earning power, have wir- 
ranted the adoption by the farm implement industry of every 
kind of high-grade material or device utilized in other lines. 
Material treatments are modern and no apologies need be 
forthcoming on any score relating to materials and their 
treatment. 

Often the farm implement industry encounters the pre- 
conceived notion that while power-farming equipment can 
and does reduce farm operating costs, it costs too much. 
This notion is a sheer fallacy; it is equally unsound whether 
you measure the price of power implements in terms of 
what they will earn, or whether you consider the actual 
investment in dollars. The fact is that any farmer can pur- 
chase all the power equipment needed to operate a farm of 
160 acres for the same amount of money it would cost him 
to buy a medium-priced automobile. 

As we review past developments, comparing the spade 
and ancient crooked stick plow with the modern tractor gang 
plow, the brush drag with the modern harrow and soil packer, 
the hand hoe with the high-speed tractor cultivator of today, 
the sickle with the harvester-thresher, it is evident that much 
progress has been made in the application of machinery to 
agriculture, but it must be as apparent to the student who 
views our industry from the outside as it is to us on the 
inside that only a beginning has been made. This field is 
wide and it is full of invitation and of challenge. 

In the pioneer days of farm implement making, the funda- 
mental inventions largely came from the farm—from this and 
that mechanically minded farmer who, realizing a general 
and oppressive human need, had the genius to discover ways 
and means of meeting it. Now, however, the great majority 


of the significant advances that give agriculture new types 
of implements and more efficient and more durable models of 
developed machines come from the designing departments 
This busy world can’t 


of the farm implement manufacturer, 


These five McCormick-Deering 15-30 tractors, owned by Louis Bertrand, of Oakley, Kans., who operates a 3,000-acre farm, are each pulling 
four-bottom plows and breaking 640 acres in 7% days 
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wait for the accident of genius; research has taken the place 
of inspiration. 

Especially is the farm implement field full of invitation 
and challenge to the engineering profession. A score or more 
years ago we used to hear talk in engineering circles about 
reducing the designing and development of farm implement 
to an exact science. That hope as a phophecy iias not been 
in any degree fulfilled. 

When we think of the fundamental dependence of agri- 
culture on the farm implement industry for the means and 
agencies of production, and of the vital interest of all men 
and industries in that relation, it seems strange that there is 
hardly a textbook available to the student of farm implement 
designing. In fact, there has never been any real history 
written of the development of farm implements. 

A year or so ago an interesting popular history of American 
invention was compiled by a writer of distinction in the 
mechanical field. This otherwise excellent work dismissed 
the tractor and the whole subject of power farming with a 
few paragraphs, remarking that the tractor was still too 
new and too little standardized for discussion at this time. 

For one thing, perhaps the mechanical-minded young men 
of our generation, whether from the farm, the factory, or the 
‘technical school, have been more attracted by automotive 
engineering with its more glittering rewards and its better 
defined science than by farm implement engineering. 

For another thing, engineering talent may have been scarce 
and slow to develop in our industry for the same reason that 
we have not yet seen the way to develop our department of 
engineering into an exact science—the presence of so many 
and so important variables in every problem of farm imple- 
ment designing. In this paper we have touched upon a few 
of these variables, but there are many others. 

An automobile engine or transmission or device that will 
function efficiently in Texas will probably function just as 
well in Maine; and so with a bridge, a pump, a steam 
engine, a lathe or any article of shop equipment. it is 
vastly different with a mobile farm implement. Between 
Maine and Texas there may be a dozen or a score of variables 
in the contours, the soil, the climate, the crop or the deep- 
rooted prejudices of the farmers that must be met in design- 
ing a farm implement for nation-wide use. 
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If the machine is to have a reasonable foreign market, the 
design must meet an interesting variety of foreign require. 
ments, characteristics, ideals, and traditions. Further, those 
of us in the farm implement field who must consider foreign 
trade requirements can say that there are French troubles, 
German troubles, Argentine troubles to meet; the Arab, the 
Turk, or the Russian each furnishes his special variants 
for the designer. Even a change in the color of the paint 
or the unnecessary enlargement of a part may have to be 
made in a perfected machine in order to give the foreign 
customer complete satisfaction. 


Lately" we have seen the beginnings of some significant 
collective efforts in our field. One such effort is that of the 
national Committee on the Relation of Electricity to Agri- 
culture, which is actively and cooperatively analyzing the 
possibilities in that field through a series of well-considered 
research projects. Another effort along somewhat similar 
cooperative lines is that of the U.S.D.A. Survey of Research 
in Mechanical Farm Equipment, which has undertaken a 
survey of numerous agricultural-engineering problems in all 
their phases. This survey is organizing the work, reducing 
duplication and assigning well defined problems. Here we 
see the U. S. Department of Agriculture, the American Society 
of Agricultural Engineers, the agricultural colleges, the 
National Association of Farm Equipment Manufacturers, and 
others cooperating to determine basic facts with a view to 
outlining efforts toward greater economic success in the 
design and use of farm implements. 


Further, there is now before us another cooperative move- 
ment, that of the International Committee on European Corn- 
Borer Control. This committee is working to meet the emer- 
gency created by an insect pest. Here we see entomologists, 
agronomists, agricultural engineers, and machinery manufac- 
turers lending every assistance to keep this pest within 
bounds. This problem seems to be solvable almost entirely 
by mechanical control. 


These examples of intensive cooperative study and action, 
though still young, have already indicated from a numbe: 
of angles the possibilities of improved machinery and _ina- 
proved farm methods of better products and better production 
per acre and per man. 


Harvesting Grain Sorghums in Oklahoma 
By R. W. Baird’ 


HE harvesting of the grain sorghums is one of the more 

expensive operations in the production of the crop and is 

therefore worthy of study. In the Oklahoma panhandle 
and southwestern Kansas there are four common methods of 
harvesting the crop. The first and most common consists 
of cutting the head by hand from the standing stalk, throw- 
ing it into a wagon, stacking and threshing with a stationary 
thresher or a combine used as a stationary thresher. The 
acreage that a man without hired help can harvest using 
this method is limited. 

A number of the farmers zre using the header to cut 
grain sorghum, handling the crop much the same as wheat. 
Considerable of the grain is left in the field, especially when 
cutting the standard yellow milo which lodges badly. 

Because of the extra length of stalk that must be put 
through the threshing machine, the rates for threshing are 
higher than for the hand-headed grain. 

When the stover is needed for feed, the grain is some- 
times bound with the row binder and then threshed saving 
the stover for forage. This method is not a very common 


1Assistant professor of agricultural engineering, Oklahoma A 


one and has little to recommend it except the saving of 
the forage. 

Under favorable conditions, where the grain remains 
standing until completely ripe, the combine may be used to 
harvest the grain sorghums. The chief objections to the 
combine for handling this crop are fear of the grain spoiling 
due to excess moisture, cracking of grain, and losses due to 
the failure to pick up down grain, and crook neck heads. 
The cracking can be controlled as well in combining as with 
the stationary thresher, but the other two problems are more 
difficult of solution. 

The costs of harvesting by the various methods are shown 
in accompanying table. Where the farmer used his own 
combine as a stationary thresher, the costs were lower than 
if he hired the threshing done. The average total costs with 
the combine were less than the average threshing charge for 
the stationary thresher. The threshing charges varied from 
4 to 10 cents per bushel depending upon the quality and 
condition of the grain. 


(EDITOR’S NOTE: The data given in this article were taken 


in the fall of 1926 by the agricultural experiment stations of Okla- 
homa and 


Kansas, in cooperation with the U. S. Department of 
& M College. Jun. Mem. A.S.A.E. Agriculture.) 
Costs of Harvesting Grain Sorghums by Different Methods 
Harvesting Threshing cost per bu. Total cost per bu. ; 
No. of Size of crew cost with own with hired with own with hired 
records Men Horses per bushel combine thresher combine thresher 
Combine 47 2 10* $0.042 $0.042 
Headers 37 3 10 0.035 $0.017 $0.067 0.052 $0.102 
Hand 121 2 4 0.093 0.019 0.049 0.112 0.142 
Row binder 10 2 4 0.100 0.075 0.107 0.175 0.207 
*Five combines were pulled by hcrses, and forty-two by tractors. 
ae Cae 
zy Y 
= 


Ee ee Se TT 


rea ee 


Augu: 


oO 
f 


- DYE ned Raspes 
irae gale 
a ces ee we RE Ores ie a ee tts ee ; : es 7 a _ es = 
2 ee : . — a eee : . 
a . F 
My ay . Tae a 4 
Bp ok 
Temes. > : 
gS ate 
BY rte 
“Rae : 
a. ae j 
ged eer Fe —_ 
a! 
es a ate 
ce ie: 
og i 
a st j 
Bin oS os 
aes. SP cg 
ae ’ 
ees | 
tae Rs - 
3) Sc a 4 
a) eee 7 i: 
Dee. x 7 : 
Pe. 2) eae 7 
+. aes q I 
ane 4 
S | 
YS . 
ia _ 
ieee ; have 
ear : itte 
7h a a : ml 
Ss <  G : 
Li pete q proje 
pee : as T 
ee Sarre. Say" 4 
Bie thy | ss 
aa : direc 
oie 7 they 
i eS 7 
2 gees, J 
Page ge 2 q that 
; =e ; 
sea : been 
fae 2D ee B 
tees es the 
Sit} ea is 
ae or =e 
Saas ic = I 
IE Sosa 5 
sa apa 
wena EA, the 
pears, eos side 
oo ale q 
et - syne 
2 Ss | 
ot : reac 
Bee tata 7 : 
ae cae ; omi' 
OT eee 4 
aes | the 
SS ee 7 a 
i Nos : 
ae : ‘ 
_ ea q ” 
2 ae ’ Divi 
Sar : Soci 
ho Seem q Min 
oe a 
ees nee 4 
= Ne ce ; 
ema 7 
Bi. et [Se ‘ 
EO Re 3 
ats ae ' % 
i ¥: 100 
. il 7 
ea : 
ag i 
ee ae 
Be ae : 
sae . 9 
me eae 
Pee ae : 
ap. ee 8 
cap : 
a 
eee ae : 
eo a 9 
Neate 
Bee 4 
Peer a 
So ian a 
ak Ss ie a } 4 
Clb) Sores 1 
ba : 
Per 43 
oo a iat ak: J 
so a alias : ’ 
eS aaa ; q 
eam 
Se eee 4 
ag Sac : 
a hy eee 7 ‘ 
a ie 
2 ah 
7 RS eee : 
> en : 
Bie ee 4 
Ee ae 7 
whe Sa BAN . 
Sale es ti | 
eee: ; 
fo ok oe : 
se 
aa 
ee Ot ey : 
ss eee) : 
ae ae ; 1 
See TGS 
cei 7 
eon 
geegre ee» hes : 
ve are | 
Vit cae SRE 7 
coft | goed E 
Raat Tome bee aise | 
pel ee a 7 
he SE Yeah pat oat , 
eae J 
eA P 
ue aie : 
yA ica y q 
Pee 
Bett ) 
, ae * 
ay ace ioe q 
f tree J 
ee ae 7 
Cae rt 7 
eee eS 7 
9g aoa q 
ee 4 
+ Ear aare 7 
eae i 
Se SA eee ay q 
Was: oe { 
Sere: ah ——- 7 
rer eee a 
at a, 
i uaa ; 
Anos. ee 7 
eke | ee 7 
cee ‘ 
i 
ie ea q 
~ he Siaan ate 7 
Pee. ut 
eS q 
‘es ; 7 
Mert Die). f 
Ett RRs ‘' 
Pet. 
ies ae 
eae weer, So ‘ 
era 
| eee eho ae 
De tA eater 
es | ee 
5 oe 
7 a = ie a 
ee eee 
ec acae Wel fos 
a 2 i 
a 
5 Ts ibaa 
Gemeenr % 
a Soa ' ee 
Bec 5 se Ry Pa Bee 
ae S sae , eee 
"a Pe. as 
et oe ey , a 
pee. PPS eres 
ak anes i, <e Phy 
i Re a wei ca : 
ee RSH, Ba caret ae a4 7 


i 


ST aE ee OT 


August, 1927 


Results 


HIS report deals with a survey, undertaken by the Com- 

mittee on Lighting, of the lighting conditions on the 

farms of the various rural electrification projects that 
have been organized as a result of the activities of the Com- 
mittee on the Relation of Electricity to Agriculture. These 
project farms are usually outstanding in their communities 
as regards the uses of electric energy, and upon them is 
directed the attention of farmers everywhere. It is true that 
they are experimental installations, but it is also probable 
that they serve as models for many farms that later have 
been electrified or will be electrified in the future. Hence, 
the lighting of these project farms should be as complete 
as is practicable in the several cases. 

It has been the observation of the Committee that, from 
the lighting standpoint, the project farms represent con- 
siderably better than average farm practice. Therefore, a 
synopsis of the lighting of the various project farms should 
readily indicate details that may have been overlooked, or 
omitted for various reasons, and should point the way toward 
the establishment of a complete farm lighting practice. 


* rt of the Committee on Lighting of the Rural Electric 
Divites presented at the 2ist annual meeting of the American 
Society of Agricultural Engineers, at University Farm, St. Paul, 
Minn., June, 1927. 
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of a Study of Farm Lighting’ 


A detailed questionnaire was sent to the various state pro- 


‘jects, and data has been received from eighty-seven farm- 


steads in the folowing states: California, Idaho, Illinois, 
Indiana, Iowa, Kansas, Minnesota, Ohio, South Dakota, Vir- 
ginia, and Wisconsin. 

Lighting of Farm Buildings, It is noted that in some cases 
not all of the farm buildings are lighted, even under the 
favorable conditions of experimental project electrification. 
Fig. 1 indicates the use of electric lighting as between the 
various classes of farm buildings. Some light is always pro- 
vided for the operation of the dairy, and in most cases other 
types of barns are lighted. The farmer is apparently well 
“sold” on the desirability of yard lighting. But three-fourths 
of the workshops were lighted, however, indicating that the 
farmer is apparently not accustomed to making repairs at 
night; it is probable that the lack of adequate lighting in the 
shop is responsible for the unlighted shops. 

Less than one-third of the farms with poultry houses re- 
ported the use of light for increasing winter egg production. 
The vast and rapidly increasing amount of data on this 
subject, which almost invariably show real profits from such 
lighting, indicate this to be a subject worthy of considerable 
missionary work on the part of agricultural engineers. 

Except outdoors and in poultry houses, reflectors are sel- 
dom found in farm buildings. (Fig. 2.) Perhaps this is due 
to the fact that a reflector outdoors minimizes lamp breakage 
and that reflectors are specified in most of the numerous 
bulletins that have been issued on the subject of poultry- 
house lighting. In farm buildings the use of reflectors will 
usually increase the amount of light down on the working 
places by some 30 per cent or more, and in addition gives 
a more uniform distribution of light and reduces glare. They 
represent an inexpensive means of improving the lighting 
system. Particularly is their use advantageous where the 
ceilings are dark or have deep beams. Evidently those recom- 
mending farm lighting installations have in the past given 
little consideration to these advantages in the use of reflec- 
tors. 

Fig. 3 shows the numbers of outlets and wattages found 
in the various types of buildings. Yards are in general well 
lighted, and considerable attention has been given to dairy 
buildings, but most other buildings are very much below 
conservative recommendations for good practice. 

There is a very great spread (Fig. 4) between the wattage 
in lighting on the various farms, and this spread is not at 
all due to differences in size of the farmsteads, as a few 
relatively small farms were fairly well lighted. It is signi- 


Average No. Average Suggested 
of Sockets | Total Vatts| Total watts * 


Dairy Barns 
Milk Houses 
Silos 

Hay Barns 
Granaries 
Horse Barns 
Cattle Sheds 
Hog Houses 
Poultry Houses 
Shops 

Yards 
Garages 


Other Buildings 
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Fig. 3. Amount of light for buildings on project farms 
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ficant to note that, if the buildings that are now lighted were 
well lighted, the connected load would be more than doubled, 
and if all buildings were well lighted, the connected load 
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Fig. 4. 


Average lighting load of project farm buildings 
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would be nearly trebled. While the actual consumption of 
energy might not increase in direct proportion, yet is appears 
reasonable to assume that the consumption would increase 
in somewhat these ratios, In the development work leading 
toward the wider use of electricity on the farm, this possible 
increase.in load through proper lighing should not be over. 
looked. 

Lighting of Farm Homes. The lighting of many of the project 
farm homes was specified by engineers familiar with lighting 
matters, and accordingly these homes represent considerably 
higher than average farm practice. Fig. 5 indicates that light 
is used in most rooms, though there are a number of un- 
lighted bathrooms and relatively little use of light in attics. 


Even the new inside-frosted lamps are usually too bright 
for comfort, and in lighting the home it is best to provide 
shades of some kind for all lamps. The data of Fig. 6, with 
kitchens and bathrooms heading the list in this respect, 
reflects the commercial efforts of the past few years to 
popularize inexpensive yet efficient types of kitchen-lighting 
units, and shows a growing realization of the advantage of 


shaded brackets on each side of the bathroom mirror. In 


Average No. 


of sockets Suggested wattage 


1 40-watt (each porch) 


1 100-watt (furnace room) 
1 60 or 100-watt (fruit cloret) 
1 50 or 60=-vatt (coal bin) 


1 100-watt (center unit) 
1 40 or 50 watt (sink) 


1 50-watt 


150 = 200 watts 


Living Roose 
(Main Fixture) 
(Portables, brackets, 
etc.) 


Halle - downstairs 
” - upsteirs 


150 = 200 watts 
150 = 200 watts (portables) 
50 watts (brackets) 


av watts 
40 watts 


60 - 100 watts (center fixture) 7 
80 = 100 watts (brackets) 
40 watts (bed lacp) 
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Total lighting load of farm and city homes, exclusive of 
closets, attics, porches, and decorative lighting 


Fig. 8. 
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the other rooms of the home, however, glaring bare lamps 
abound. In bedrooms a bare lamp on a drop-cord is too fre- 
quently the only source of light. It should be noted that 
there are inexpensive types of shades available on the market 
that may readily be installed on drop-cords and fixtures even 
where there is no holder or other provision for attaching 
a shade. A simple demonstration in the home of shaded light 
vs, bare lamps will show conclusively that shaded light makes 
for better living. 


The data of Fig. 7 shows the average project farm home 
to be close to good practice in cellars, kitchens, and dining 
and living rooms, and that lighted hallways are appreciated. 
There is room for considerable improvement in the lighting 
of bedrooms. The use of a light over the kitchen sink, to 
relieve shadows and facilitate work at the sink, is not yet 
general. 


As with the farm buildings, there is also a great spread 
in the connected wattage of the various farm homes. It is 
interesting to note that the average project farm home has 
less wattage of lighting than the average city home, even 
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though the average city home has but 2.5 bedrooms as com- 
pared with 4.3 for the farms. Again, there is an excellent 
opportunity for increasing the connected load and doing the 
farmer a real service, in promoting better lighting in the 
farm homes. Were the average project farm home to be 
lighted in accordance with the accepted standards of good 
practice today, the connected load would be trebled. 


During the coming year the Committee on Lighting sug- 


gests that detailed specifications be developed for good prac- 
tice in lighting for the various rooms of the farm home 
and for the various farm buildings, Material recently pub- 
lished on this subject by state projects, universities, and 
incandescent lamp manufacturers will simplify the task and 
make it largely one of correlating the various opinions 


from the standpoint of the American Society of Agricultural 
Engineers. 


Respectfully submitted, 


COMMITTEE ON LIGHTING, 
W. C. Brown, Chairman 
Richard Boonstra 


Significant Changes Taking Place in 


Agriculture’ 
By W. C. Coffey’ 


OR several years we have heard much of the distress 

in American agriculture. To ignore the subject by declar- 
ing that there is no such thing is folly. To assume that all 
farmers worthy of success are succeeding is to engage in 
uncharitable optimism. To declare that the farmer lives 
better than he used to without taking into account how 
much better his industrial brother lives than he used to, as 
measured by his additional creature comforts and leisure time, 
is somewhat like begging the question. To say that the 
only thing wrong with agriculture is the now historic specula- 
tion in land during the late war and just after is equivalent 
to being superficial. To assert that inequality of opportunity 
brought about by legislation is the sole cause of the farmers’ 
difficulty is assuming a tremendous lot, even though it may 
be clearly demonstrated that such inequalities exist. To pre- 
dict that American farmers are inevitably headed toward 
peasantry is to engage in unwarranted pessimism. 

Many statements, assumptions and predictions similar to 
those I have outlined have been made as you all very well 
know. And they have not been made without a basis. None 
of them should be ignored except as they become too inclusive 
and sweeping. I have no doubt but that many a constructive 
citizen concerned about agriculture has at least experienced 
the secret fear that the American farmer may be headed 
toward peasantry. I do not believe he is. 

We have seen the distress of agriculture; we have been 
anxious to diagnose it in order that we may help find a way 
to relieve it. But during much of the time our attention 
has been so fixed on the distress that we have failed adequate- 
ly to realize that American farmers and American farming 
are undergoing significant changes. The man who quit farm- 
ing twenty years ago for an occupation in the city would find 
that “it ain’t what it used to be” were he to attempt to re- 
establish himself on the land. This would be particularly 
true if he had dropped practically all contacts with farming 
in the meantime. . 

American agriculture was one time a sort of self-sufficient 
family enterprise. It was a way, in large part, of growing 
and producing a living within the family. In one way and 
another the products not needed were disposed of, but nearly 
all products were grown with the idea that the family would 
consume at least a part of them. I hope the time never comes 
when there will be nothing grown for the specific use of the 


*An address before the 21st annual meeting of the American 
Society of Agricultural Engineers, at University Farm, St. Paul, 
inn., June, 1927. 


‘Dean and director, department of agriculture, University of 
Minnesota. 
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family for in this way one of the real recompenses of living 
in the country may be realized. But for years we have gradu- 
ally been getting away from the idea of planting, tilling and 
harvesting crops which the family will consume and utilize. 
Rather suddenly we find ourselves almost of quite alienated 
from the self-sufficient family-enterprise idea of agriculture. 
We now look upon it as a commercial enterprise. This I 
regard as a significant change. 

We realize that agriculture is now a complex industry; 
that the farmer is responsible for the handling of capital; 
for the direction of labor, though it may be none other than 
his own; for the marketing of practically all of the products 
he produces, and for the conservation of the producing 
power of the land which in the last analysis is not only his 
personal asset but a national asset as well. 

Land is no longer cheap; taxes are high; the farmers’ 
standard of living may not be as high as it should be, but 
it is higher than it used to be, and, therefore, he spends 
more on himself and family than he used to, and he deeply 
regrets that he cannot spend more than he does. He must 
secure more money as income because he spends more. I 
think the farmer is handling much more money than he 
did prior to 1914. This is evidenced by the institutions such 
as the federal land banks and intermediate credit associa- 
tions, which have been created to finance the production, stor- 
age and marketing of farm products. The farmer is rapidly 
becoming a business man, and the successful farmer of to- 
morrow will be called a success in business. 

I think it not too extreme to assert that a new type of 
farmer is being evolved. 

There was a time when a strong back and willing hands 
constituted the chief assets of the farmer. He could win 
respectability by working hard through long hours. Often 
he was prouder of his hard work than he was of the amount 
and quality of the product he turned out. His type is pass- 
ing out, in spite of the fact that industriousness is-a valuable 
asset for any kind of farmer. Modern conditions call for 
a different brand of industriousness, however; a brand which 
demands ingenuity in producing and disposing of products 
in an amount and of a quality quite beyond the capacity of 
long hours of nothing but arduous physical labor. 

Therefore, the modern, efficient farmer is paying attention 
to the amount and quality of product secured for each unit 
of human labor expended as never before. He is paying 
much more attention than did the farmer of yesterday to the 
implements and the sources of power with which to supple- 
ment human labor and to the arrangement of his farm unit 


pri 
Wii vert 


+, «RE aoe am | Se: “aera eae ae rik ; ae iy pi Sena oh 
Ms ee ee iS ere 1s | ae 2 RN St oh i % i a Cee Bag re f i re ee th 
vis : : Mec x ay dis Pe hs Bie i ah ee I Be Macs ep ae se ; . Wega? 7. 
& sane . Pee ce Path a e: aie fo i ae ee an eat Ce aite Pees a i Bigs hee ey bh 
PS. Pee ages ee OR aac conga ye! <,  -|  eaes aie Say = f ; eH 
F Sue | ae ee ae aes ee => jae NER Sd, et Se (ees 5 <oarieeeeyee *> ve " ia) te 
re «eee Saou oe eee ae Biri oa * ema See Se 2 ee bse es eyes 2 ee hid : Ma 
es ae ay a heen ea OM OE eg em nes SEES oes ean eee : eed 
ees eek: wil Sos 7 +, SR > GRE at cl l= aig, ame, a os ae.” ga | A eet Py ee eae : 2S) ee 
yf aa 
. ! Lae 
ae Lis cat ene 
De ae aed 
4 i foal Sombie Ned $ 
i : : 
q vee? ; 
¢ BINED 
q et ed oP yy 
td He Nee 
pa ig pate tet eae 
i ure: vied er 
j : aa 
rer. 
ee a 
i a haeres 3 
) 2%s 
j ne NY 
gee es 
AL EEE Spal 
5 Bt tC ty: 
oS aa Ope eee 
‘ A eas ea ah 
v Paes Bee tS 
as ue FECES 
a aay) df eae heey. 
tact yh se? 
es ony 
a ft tained, S52 
‘ee ac 
SRR TUE eran 
f CPi RY ee ote 
ett ip oe 
a , 
a J <p 
a i , 
hPy 
; Lae 
fue 
5h ates 
Dyce tm Sy ty 
have Haas 
(ita Ce 
Dah om ge 
’ ‘ epee 
q 
7 a ; 
; Oy 3 
q eat 
‘ sya. a 
q i te A 
7 a { : 
5 Beale os 9 tO 
: weer Pes 
3 of ne 
> > Kets ? 
; nes 
q 4 aL Tati 
q ; A 
7 eed 
: Pee ape, CES 
{ Was eR Deg. 
: Heparin 
5 9 : ee 
7 veut ny 
pe ee 
oe. ae 
: 1 . Pare i! 
é Sul 
Mae 
Pea label 
yaa ‘uae 
¢ *~, . ay 
ue 
. ‘¥ 7 5 sy 
z ff tLe 
SEY aa? *, 
Pep yee tet 
pe bee erates t 
ae. : 
6 7 
7y 
we as eta) Se 
ne Pooh be 
teas S 
Ss ee ae 
ahs iY i 
i onto: 
he a 
ey 
pear taeee © 
hae Zeon thy 
Os os i 
Baan «ay 
A ERUe Pee BITS 
Ay %>) oe 
nae ~e 
7 - i», 4 
, ove 
1 te 
; i aa, 
—- res a ee 
yee 3 z 
ee ae 
Le ne WE 
Cela ae Fy 
ee es Shee 
1 iP a 
Bg eae 
24 as 
Beye es 
“oi im 
, bP cas & 
i 5 ee 
hota Ay 
q are ey ae 
; y ee Bed 
: FP hate toe gite ek. 
. Ye tare erist 
1S 
— pe tage at 
es aes ran er ene - By i oy Oia aah 8 See I 55 He aac Ast coh eae i caacairac 3 Ree abe age dpe 
Paes <a enreer A aie ate emt ON RE RY Paes a gs a een ec ae ereea 
ae are ete whee 4 eee oe rea. 0" i as eee |e Fie Wants spe AN ares Bele. lier hae Seti oe URE Tee 
Be: 9) ERS Bs i el i ei te Teme es ees i oe he ee ee , Atrre se MEG 
(ee ae re sg oe Ree ee ee : jae 5 ‘ : URGE ss tee ; OS wah iz 
— a oe | eet a ae > hi yp —~ x i. =~ 2 ed A ee ge Fa a Pos, ae oe “Vie 2 eee, a ” ita@we * 7 ofr Ss 


AGRICULTURAL 


so that power from various sources can be efficiently utilized. 

About one hundred years ago 90 per cent of our people 
were engaged in‘ agriculture. Thirty years ago 48 per cent 
were engaged in it. At present approximately 25 per cent 
of the people concerned in gainful occupations are in agri- 
culture. According to the National Industrial Conference Board, 
agriculture is not making as rapid progress in the improvement 
of methods of production as other branches of our national 
economic life. Nevertheless the American farmer cultivates 
more ground and produces larger crops than he ever did 
before and more than the farmer of any other country does. 

During the five-year period preceding the war the amount 
of land being cultivated per farm worker in this country 
was 24.4 acres as against 16.6 acres in Scotland; 9.5 in Eng- 
land; 8.3 in France; 6.2 in Germany and 4.2 in Italy. 

From 1910 to 1920 the efficiency of farm labor in the 
United States increased 22 per cent; the volume of crop pro- 
duction increased 11 per cent in the face of a decrease of 
9 per cent in the number of farm workers. 


To what is the increase in productivity per farm worker 
primarily due? According to the National Industrial Confer- 
ence Board it is due to the greater use of power and ma- 
chinery. If this is true, and I believe it is, it clearly indicates 
a trend toward a commercialized incentive in agriculture 
which probably is only fairly well begun. Prof. J. B. Davidson, 
of Iowa State College, who is always listened to with respect, 
is responsible, I believe, for a statement to the effect that 
the time is likely to come when not over 15 per cent of 
the population in the United States will be engaged in pro- 
ducing its food. He points out that there are places where 
the amount of wheat being produced per worker is 5,000 
bushels, although 500 bushels is regarded as the normal pro- 
duction per worker. I recently heard of the operations of a 
middle-western farmer, who with a very small amount of hired 
help handles 1,000 sows and their offspring. This past year 
he marketed 6,000 hogs. I know of a farm maintaining an 
organization which cares for 900 cows in milk, grows all 
the silage for the cows and most of the alfalfa. These are 
all examples of exceptional instarices in farm organization 
and operation, but everyone of you could more than match 
them out of your own experiences, and they show a trend 
which is an unmistakable evidence of significant changes 
under way. 


What of the cost of the product secured per unit of human 
labor? As a business man the farmer must give this question 
most careful consideration. Increasing the output per worker 
through the use of mechanical power and implements means 
very little, indeed, unless the cost of production is favorably 
affected. Therefore, the farmer must display skill, not only 
in directing the worker, but also in selecting and caring 
for the tools, implements and power with which the worker’s 
hands are supplemented. That skill is not yet as highly 
developed as it should be, and pretty largely because it is 
not the change in farming in the direction of commercializa- 
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An engineered farmstead. It appears livable as well as efficient 
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tion is bringing many new problems for solution. A large 
number of them are falling into laps of such bodies as this, 
your organization. I am tempted here to discuss the im- 
portance of the standardization of farm machinery and equip- 
ment, making them “fool-proof,” etc. 

Because there are so many examples of extreme variation 
in the cost of production, I feel that it is one of the most 
important considerations the farmer can give to his farm 
operations. It depends on too many factors for me to attempt 
to analyze or even to discuss it here, but a few instances 
serve to make the importance of the matter impressive. 
Records from statistical farms cooperating with the Univer- 
sity of Minnesota show that the cost of producing butterfat 
on twenty-five farms located in the same community varied 
from 29 to 71 cents per pound, and the returns from cows 
ranged from a $36 loss to a profit of $67 per cow for a year 
period. I am informed that similarly wide variations are 
noted in the production of pork. In the records from a number 
of farmers interested in the ton-litter work, the number of 
pigs raised per sow varied from three to twelve. The cost 
of production in case of small litters is almost invariably 
high. The number of pounds gained -per bushel of corn 
varied from approximately seven to fourteen, and in 1924 
the cost of grain ranged from 5% cents to over 14 cents per 
pound. 

In the case of poultry; the feed cost as reported by the 
statistical farms last year ranged from $1 to $2.55 per hen, 
and the returns from the poultry ranged from a loss of 30 
cents per hen to a profit of $1.50 above all costs. 

In my judgment, an oncoming change in agriculture will 
be the care with which the cost of productoin will be scruti- 
nized. Then the attractiveness of a tool, an implement, a 
generator of power will depend in greater degree than at 
present on the role it can play in the actual economy of 
production. 


Another significant change taking place in American agri- 
culture is the’ tendency of farmers to cooperate, especially 
in the marketing of their products. This really is only another 
aspect of the commercial spirit in agriculture. The pioneer 
farmer was a simon-pure, unadulterated individualist, and 
it is not so easy for his successor to become a successful 
cooperator, but he is making progress. From the farmer’s 
standpoint, particularly the large scale handling of such pro- 
ducts as butter, poultry and eggs, livestock, fruit, wool, 
grain, cotton and tobacco, surely point to a very marked 
change in methods of distribution. As the cooperative selling 
organizations develop there is a correlative growth in the 
group purchasing of farm supplies, and the total sales and 
purchases represent an enormous amount of business. Last 
year in the United States, a total cooperative business of 
2% billion dollars was recorded on the books of the 12,500 
cooperatives. 


So much has been said and written about agricultural 
cooperation, especially cooperative marketing, that I hesitate 
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to say more. It is true that some attempts at it do not 
succeed, and the word “cooperation” is so high sounding that 
we are shocked even by one failure. But I believe the co- 
operative movement signifies a permanent change in American 
agriculture. The form of organization representing coopera- 
tion is not perfected and hence it will change, but coopera- 
tion itself is a need which all of us should recognize and 
encourage. With our large urban centers and our means of 
rapid transportation out of all important producing regions 
to these centers, the whole matter of the distribution or 
marketing of farm products has changed. Without group 
action the farmer will have neither the intelligence nor the 
power to produce a product of quality and place it where it 
will command a price commensurate with its quality. Co- 
operation should be a device for developing business intelli- 
gence in farming. Cooperative marketing should be looked 
upon as a form of business organization which is especially 
well adapted to the needs of farmers. Its direct object is 
the orderly feeding of the supply according to demand at the 
best price that can be obtained under existing conditions 
and yet at a price that will move the commodity into con- 
sumption. 


We do not yet know all the contributions cooperation in 
the business of buying and selling can make to the cause of 
farming, Elsewhere I have quoted the National Industrial 
Conference Board as saying that agriculture is not making 
as much progress in production as other branches of our 
economic life. I think it is widely admitted that American 
business is very much on the alert in its endeavor to raise 
its efficiency. In their relations to each other, cooperation is 
now a dominant note among business men. Haley Fiske, 
president of the Metropolitan Life Insurance Company, makes 
much of this point in an article, entitled “The New Respon- 
sibilities of Business,” in the May, 1927, issue of “The Nation’s 
Business.” If this is a need in business, how much more 
is it a need in agriculture where one of the great delimiting 
factors from the business standpoint is the size of output 
from the individual farm. 


Social conditions in the open country are changing. The 
farmer and his family are no longer isolated. Improved roads 
and automobiles have widened their social horizon. They 
have made possible neighborly and community intercourse 
that has changed farm life from isolation and individual suffi- 
ciency to dependent group and community activities. Farmers’ 
clubs meet in town and have town members; town organizations 
have farm members, and the occupational identity of individu- 
als is lost in activities developed for the common good. This 
situation is not quite so Utopian as it sounds as there is 
room for improvement, because animosities between town and 
country have not been completely broken down. But I doubt 
if they are as great as the animosities I could cite between 
some towns. In spite of our pessimism about country life, 
I think it. can be shown that a vast improvement has been 
made in the social advancement of rural communities. 


Beyond any doubt, farmers travel more and over wider 
distances than in former years. They act like well-traveled 
persons who know what they want. They, more than former- 
ly, appreciate an opportunity for recreation and entertainment. 
That they do get out and drop their cares for an evening 
of entertainment can be visualized in our country towns al- 
most any night in the week, but especially Saturday night. 


The children of farmers certainly enjoy more freedom than 
formerly. Through the influence of club work and other edu- 
cational facilities it is not uncommon now for children to 
make trips of 100 to 500 miles and often unattended by their 
parents. 


The greater mobility of country people unquestionably 
whets their appetites for aids and comforts in life which 
hitherto have not been enjoyed by country people. While 
I am here recognizing the fact that changes are taking place 
and for the better in country living, I am not acknowledging 
that these changes are adequate to the need. Since country 
people are more mobile they understand well the creature 
comforts enjoyed by their city cousins. And unless the prog- 


ress in social life in the country keeps pace with that of 
the city, I fear that country people will be dissatisfied. Busi- 
ness organizations are going far to provide for the comfort 
and peace of mind of their employees, It will, in my judg- 
ment, be quite impossible to keep a high-grade people in the 
country unless the creature comforts of the home and the 
social opportunities in the community are on a relatively 
high plane. With respect to providing the devices for the 
creature comforts in the home, you of this organization have 
a direct responsibility. 


Unquestionably American agriculture is undergoing signi- 
ficant changes. World readjustments are affecting it; educa- 
tion is affecting it, and very decidedly the industrial develop- 
ment of this country is affecting it. Industrial development 
is playing a big hand in urban growth, in transportation, in 
the utilization of mechanical power as a supplement to man 
labor. Our industries occupy the world show window as the 
last word in efficiency, in mass production, in short-cut 
processes, and in ingenuity in making articles which both 
create and satisfy human wants. 


Agriculture is feeling the urge of the efficiency of indus- 
try. As a commercial enterprise, agriculture must necessarily 
see what it can do to get at low cost a considerable quantity 
and quality of product per unit of land tilled of human labor 
expended. To do this tools, implements and mechanical power 
must be brought into use. In this respect how far and how 
fast can agriculture copy after industry? In this situation 
you of this body, more than any other in agricultural educa- 
tion, carry the large responsibility. There are people who 
seem to think agriculture can do anything industry can 
do. To such persons, I think, you will need to show 
the conservative side of your face. Again there are people 
who are skeptical about the extent to which the efficiency 
of production can be increased. A few days ago an imple- 
ment dealer told me that many corn growers in a nearby 
state insisted on buying a type of cultivator (one with handles) 
that is hard to manipulate and long out of date. To such 
persons you will have to show the progressive side of your 
face. 


Industry boasts of the progress she is making in standardi- 
zation. I read that varieties of hotel chinaware have been 
reduced from 700 to 160; milk bottles, 49 to 9; bed blankets, 
78 to 12; paving brick, 66 to 4; asphalt, 88 to 9; files and 
rasps, 1351 to 496. As adaptations are being worked out, 
perhaps you, too, have an opportunity in helping to standardize 
farm machinery and equipment. 


With electric power coming into farm use it seems to 
me that there is a large field in working out standards for 
the arrangement of farmsteads. This is a matter, too, that 
has much to do with the wise utilization of human labor. 
Farmsteads too often are constructed piecemeal on a haphaz- 
ard plan. The result is much wasted effort in getting the 
chores done. The farmer, like other people, spends more 
time in bed than in any other one place. This being the 
ease, I think he should have a comfortable bed. Next to 
time in bed, he spends more time in the farm yards and 
buildings than anywhere else. I think they should be ar- 
ranged with a view to his convenience and saving his time. 


I would urge you not to overlook the importance of the 
equipment necessary to place at the disposal of the farm 
women, It is a neglected field and most important. 


Since your activities extend all the way from drainage 
and land clearing to vacuum cleaners, I am in no position 
to tell you what your problems are or how they come in 
the order of their importance. I realize that they are so 
humerous and so difficult that you should cooperate heartily 
in attempting their solution. I hope you will work together 
in laying out your program so that needless duplication of 
effort will not occur, and so that sporadic, superficial attacks 
on problems will be avoided. If you do these things and if 
you keep a healthy faith in American agriculture, I am sure 
you will continue to accomplish something very much worth 
while. 


AGRICULTURAL ENGINEERING 217 © 


. 


> vt 


aes a Wie Sas ae ce = ee, a "og ee. ae. | ee Re a es ile a eT un er eh ae Se 8 
7 a eye ee es .. | a e dead eae irs i =o as ai ge ene ais ie ee Ceane, Mme}: ae a ey er. rare et ee eS DS ss 
“cae ease ROS T yea S.A < TOUR ete ae iy Re ae ae NER ame ee Tena eh 1. RC IE OREN tS CLS 
i a 7 5) . sin eas, age 3! ae ave a eee ic hs Weyrene oy enema eo Bi ye ant a Hustle. JARS a herd ame Ye 
a eae S ml Meee ie hs 2 ae Bo erie hj i eee (0! 5 <M Pa Da es a AIA BU ea, eos tiga 
Seals. eee Se 4 Bf 2 i, See gk SRS ac Fe nea Vegi < 1 Aa eee ae ¥ bien aaah Sl pam meget tr. 
p = ere ' te et as ia ee ras one eee et 3 ee. . : ie boise. eRe 3 
ee 4 ee eT) es Meee nee RE pi gs 
. PEL) Seah ver 
' SAT ey of 
a) eee 
aa Tass ea : 
: Ps Be da i 
{ she we fe % 
rp Oo ee © 
j ers Pe <n 
Vids Fie 
ye 
dae oe eae 
; Noe, Peas 
, _ ae vise 
Were ear eee 
‘ =) 
F rere 
ihe Adal Ne 
wry. at 
Be 4s soe ) 
a ~ ree wy, ; 
é AMS Geese hs 
(et oo ee 
DP 7 erica A 
pi eae 
fae ie 
on ae 
eg 
Ua TS ME Bie Sn, 
’ ag 

; es i 

: ; 

: (a rains 

q m ‘ ob 

; uid ‘ 

B 

4 ony 3 

4 4 : - 4 

$ thy 4 

; 7 We wa 

4 é % ine 

"i ‘ 

: Lie . 

7 Vier oS i 

1] 5 

| i 4) 

| : 

| ph sier 

7 wv ohh Pe ae 

: Wate a oe 

{ Scar, cis, ae 

7 ‘ o. < oR 

na * a 

: n' sen 

q $ sehen 

q vex 

7 , 4 ee 

Le haere 

Sa ee oa 

7 Bae te, 

. aL « 

7 y a), ; 

: Sods eat 
« Z a 
aay 

NST EE eae? 

. M yar 

q ke: 

, - 

q » oe 7 

t . > 
q fort 
4 ¥ Vat 
; A ae 
Ae: ay 
‘ A) 
ae 

4 "\ i 
= came 

: =F ba F 

{ meat vey 
MEP gs on FS 
Tee a ag 
oh: f % if 
Wyre 
q : 
q 
7 ye 
7 . eh 
7 Ny f Cy 

7 #: 

P Vir Gag eae te 
A ahh 

: ‘ 
~ ye 
4 i 
' pes 
7 & “dal 
j Beck eat d 
: Leet hoe) 
q LERBE SAY 
7 2 he 
1 : 
7 ! 4 
L 4 
, 
wR 
: Pir eS 
: ‘t: + : jo’ 
a Pee hs 
* Delt 
rae 5, 
f sal t 
rise, : 
ae : 
. ; ni 
eltelicen 
. : PLE oy aa 
| . Kao 
1 me a 
Fe AM 
ee j aa 
“ee a eee Ted rete te “es paren 35s ieee 2 > = BS ge SSE ree: : ae eee | =i ie a 2g hard <7 FS 
7 = a a ee ieee ro ot re i SN eee a a Deak dt ee Be ah oe 5 ee een Datel oes tae 
> S a Near o Pees koe pee | tele cy | ag Pes a 3 Re eas ok eam» Sa ees a Pn eey Sore, oy Re 
_ saa OR os i) i eR or a SS oo; Sa Re”) Ee ee eS eee Rie a sea 7g Rye 
er eater Tk at We i fn i Beh oe Bc ee Peete ts! aes Tea line 7 nema PS Er Br o 1 das ion “wR ete Ps, 
ee a ho . TOS eRe Be «ha SS Be | eae eae Riss at: si Sarat) 5 ole ae cae pera ta | 
SEE Rear —_ Reger | ha he eee Ra, MR TT. ae SaaS 1 ea es, Pt SE a Baraca FL.» 


ae 


218 AGRICULTURAL ENGINEERING 


Vol. 8, No. 8 


Some Stack and Grain Drying Results ° 


By William Aitkenhead’ 


HEN sun and wind fail the farmer does little but watch 

WV the daily deterioration of his crop in shock or swath, 

while each succeeding rain makes the prospect more 

hopeless. This preliminary report shows that the destruction 

wrought by bad weather can be overcome by artificial drying, 

the agencies for which are in an air heater, a blower and a 
tractor. 

Construct on of Drier. As the inordinately wet August (last) 
persisted the idea of saving crops resulted in the sanctioning 
of a project on stack and grain drying, which was undertaken 
at Purdue University. In two weeks the equipment was 
ready for service. It follows the general plan developed by 


*Paper presented at a meeting of the Farm Power and Ma- 
chinery Division of the American Scciety of Agricultural Engineers, 
at Chicago, December, 1926. 


‘ —— of Agricultural Engineering, Purdue University. Mem. 
A.S.A.B. 
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Fig. 1. Outline sketch showing arrangement of the Purdue stack 
and grain drier 


. 2. (Left) Conical pole frame over which stacks were built in Purdue drying tests. Fig. 3. (Right) Two 


the Institute of Agricultural Engineering at Oxford, England, 
with the notable exception that in the Purdue drier the hot 
gases of combustion are mixed with the air blown into the 
stack. The idea of saving heat by mixing the furnace gases 
with the air came from an exhibition of oil heaters where 
the furnace chimneys discharged into the show room without 
bad effects. 

The outline sketch, Fig. 1, shows the arrangement of the 
drier. The fan has a capacity of 7,000 cubic feet per minute. 
W.th the burner consuming six gallons of kerosene per hour, 
the delivered air was heated to 190 degrees, when the atmos- 
pheric temperature was around 60 degrees F. Fan power re 
quired was 16 horsepower. 

Since in this construction there is direct connection be- 
tween the fan and the fire, absolutely positive means must 
be provided to keep sparks from passing into the stack with 
the air stream. The air cleaner shown in Fig. 1 does this. 
Any heavy material is thrown down to the still area at the 
bottom by the deflector where it is held by an inch layer of 
heavy cylinder oil in the bottom. Light dust is caught by 
the steel wool filter at the top. At first four screens were 
used, but when old crankcase oil was tried experimentally 
as fuel, minute particles of glowing carbon would occasionally 
pass all four screens. Since it is imperative that all dust be 
caught, the air cleaner was introduced. 

Stacks Dried. Two alfalfa and two soy bean stacks were 
dried. The stacks were built over a conical pole frame, Fig. 
2. An air trench 18 inches square leads into the center of 
the cone. Boards were placed over this before the stack 
was built. The poles were 12 feet long with a six-foot spread 
at the bottom. 

The first attempt was on a five-ton stack of freshly cut 
mixed alfalfa hay. Here the inside cone was made too small 
and the stack was somewhat out of proportion due to the 
effort to build in all the hay. 

The necessity for evenness in building was shown, as after 
four hours blowing parts of the stack which permitted an easy 
passage of air were dry clear to the outside, while the dense 
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hay was still damp thirty inches from the outside. 

Two soy bean stacks of twelve and eight tons, respective- 
ly, were dried next. Due to the coarseness of the straw the 
hot air transfused easily. The large stack was greatly over- 
dried by eleven hours blowing. With experience of the two 
first attempts as a guide the eight-ton stack of soy beans was 
well dried in five hours blowing with the ingoing a'r at 150 
degrees. In all cases the stacks were cooled by turning off 
the heat and blowing cold air for an hour. Both stacks were 
in good condition when threshed two weeks later. 

A heavy shower preceded the building of the ten-ton alfalfa 
stack from hay in the swath. This stack was blown seven 
and a half hours with air at a temperature of 162 degrees. 
Again due to uneven building, it dried somewhat in patches 
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but when taken down two days later it was well fit for the 
mow; only a small place on the side where the wagons were 
unloaded was damp. This was harmless when stored with the 
dry hay. Without the artificial drying this cutting of hay 
most likely would have been lost. On this stack the total 
fuel bill for the heater and tractor was sixty-three cents 
per ton of green hay.’ 

The correct answer to the question, “Will it pay?” is the 
deciding factor as to the worthwhileness of a piece of equip- 
ment such as has been described in this report. When it 
prevents the entire loss of a crop it pays. When in an un- 
certain season it definitely enables a crop to be stored without 
multiplied labor it is worthwhile. The availability of a crop 
drier portable or fixed is an insurance against the losses 
suffered in the harvest season of 1926. 


Grain Handling Methods in Relation 
to Combine Harvesting * 


By E. J. Stirniman’ 


UE largely to geographical conditions the early grain 
D trade in the Pacific region developed a sacked grain 

market. Barge transportation down the rivers in ad- 
vance of rail transportation, and the export of a large propor- 
tion of the crop, particularly barley, in vessels demanding 
that the grain be in sacks had much to do with this. When 
the “combine” entered the situation it was developed to 
deliver sacked grain, partly in conformity with prevailing 
practice and partly in avoidance of certain difficulties attend- 
ing the handling of bulk grain at the combine itself, parti- 
cularly under hillside conditions. 

In spite of the weight of established practice, the econo- 
mies inherent in bulk handling have resulted in a substantial 
change from sack to bulk, varying with the different grains 
and different parts of the Pacific region. It was brought out 
in the paper and attendant discussion that at six important 
market cities the percentage of grain received in bulk ranged 
from twenty-two to ninty-one, with the trend still further 
in that direction. 

Aside from the obvious cost of sacks and twine there is 
a variable but always important item of added labor cost for 
jigging and sewing the sacks, and for repeated handling by 
hand, since mechanical handling is employed to a relatively 
slight extent with sacked grain. Then there are losses such 
as leakage from sacks, penalties for bad-order sacks and 
the cost of resacking. 

There are considerable variations in practice with respect 
to bagging. Practically all grain is bulked at the terminal 
market, whether for ocean shipping in bulk steamers or for 
disposal through other market channels. In some cases the 


*Abstract of a paper presented at the 20th annual meeting of the 
American Society of Agricultural Engineers. at I ake Tahoe, Cali- 


fornia, June, 1926. Paper published in full in the 1926 A.S.A.E. 
Transactions, 


{Division - Agricultural Engineering, University of California. 
Mem. A.S.A.E 
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(Left) Hilliside conditions make the handling of threshed grain from the combine a much more difficult problem. 


combine provided with both bagging and bulk handling equipment 


grain is sacked on the combine and bulked before being 
taken to storage or to the first market, the sacks sometimes 
being emptied into trucks before removal of the grain from 
the field. On the other hand, grain cut with combines 
equipped with bulk handling tanks is taken to the farm- 
stead or other convenient location and there sacked before 
delivery to the grain buyer, only to be bulked later in its 
travel towards its final market. 


The trend toward handling grain in bulk has resulted in 
the addition of bulk handling equipment to the combine 
harvester, most of these attachments being homemade and 
installed, although some of the machines of later manu- 
facture are provided with such grain tanks as factory equip- 
ment. With intermediate variations which obscure the classi- 
fication, these grain tanks or receivers are of three general 
kinds—tanks or bins mounted on and becoming an integral 
part of the combine; side-trailers carried entirely or chiefly 
on their own wheels and used only as combine reservoirs; 
and interchangeable trailers, of which the ordinary farm 
wagon is the outstanding example, which serve not only for 
accumulating the grain as it is threshed but are used in 
transport to storage or market. Wagon and motor truck 
bodies having hopper bottoms and side or bottom discharge 
openings are rather largely used. Portable elevators to a 
considerable extent, and grain blowers to a small extent, 
are used for putting the bulk grain into farm storage bins 
or piles, for loading from these bins or piles for hauling io 
market or shipping points, and sometimes for loading into 
cars at rail points. Trucks are used for hauling in most 
cases for distances greater than one mile, although horses are 
used to some extent up to three or four miles, and consider- 
able use is made of combination methods, using horses to 
get the grain out of the field and transferring to trucks at 


the roadside or other point at which trucks can handle ca- 
pacity loads. 


ee 
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Storage on the farm is practiced to a considerable extent, 
portable steel and wood bins being used as well as perma- 


nent storage at the farmstead. In the dry interior valleys 
grain is stored in piles on the ground. When sacked grain 
is stored in piles the piles are covered with loose grain to 
minimize damage to the sacks by mice. 

A personal study of thirty-seven combines showed that 
the rate of harvesting varied from a maximum of .195 acres 
per hour per foot width of cut under the favorable conditions 
of prairie operation, ranging through lower rates under roll- 
ing and hilly conditions down to a minimum of 0.0635 acres 
under river-bottom conditions where heavy undergrowth, 
lodged grain, and green weeds hamper operation and necessi- 
tate a reduced width of swath. 

There is no significant difference in the cost of combine 
operation between the bulk and sack methods except for 
the additional labor required for jigging and sewing sacks. 
In the observations the average man-hours per acre were 0.92 
for the bulk method and 2.24 for the sack method, The man- 
hours per acre tended to decrease as the width of cut in- 
creased. As to maintenance cost it was noted that machines 
working on river bottoms or hilly land with skilled labor 
have lower maintenance costs per acre than machines oper- 
ated under prairie conditions by transient help. One ma- 
chine which had cut about 30,000 acres during thirty-four 
seasons had a maintenance charge of 9% cents an acre, 
while a group of three machines operated by transient help 
for twenty years under less severe conditions and with a 
record of 36,400 acres each had a maintenace charge of 22 
cents an acre. By groups the highest maintenance per acre 
was shown by a group of four including the three just 
mentioned, the figure for this group being 19.8 cents. The 
largest acreage group, consisting of twelve machines, hap- 
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pened to be one which had cut an average of 13,490 acres 
at an average maintenance cost per acre of 12.1 cents. The 
number of machines in each of the other acreage groups was 
too small for the maintenance figures to be either consistent 
or conclusive, but it may be stated that the tendency was for 
the younger machines to show lower maintenance cost per 
acre. 

As compiled, power costs included fuel, feed and oil, as 
the case might be, without segregation of tractor and horse- 
drawn outfits, but classified according to the character of 
fields. Under prairie conditions the cost items mentioned 
ranged from a minimum of 20.4 cents an acre to 41.7 cents; 
under hilly conditions the range was from 30.7 to 60.5 cents; 
while a single observed case of river-bottom operation gave 
a figure of 87 cents. 

Hauling costs were studied in too great detail for report- 
ing here, but it may be stated that under California conditions 
competition among trucking companies is so keen that in the 
case of sacked grain hauling can be hired under contract 
cheaper than the farmer can do it himself with either trucks 
or horses. This does not apply to bulk grain for the reason 
that the contract haulers’ trucks are not equipped to handle 
it, and in bulk grain the lowest labor costs were found where 
farmers hauled their grain directly from the combine in their 
own tank trucks. 

In the discussion E. N. Bates, marketing specialist of the 
U. S. Department of Agriculture, cited and analyzed statistics 
indicating that the excess costs and losses arising from the 
sack method of handling grain in the Pacific Coast area were 
sufficient in a single year to pay for building enough grain 
elevators to handle the crop in bulk, and gave the reasons 
why the grain trade does not consider it advantageous to do 
so. 


Requirements for Farm Building Paints- 
By L. H. Trott’ 


AINT requirements for the farm, in a broad way, differ 
P little from those for the city. They are exactly alike in 

: that the surfaces to be protected and beautified are the 
same—wood, metal, concrete or plaster—and they must with- 
stand the same attacks of weather and wear. They differ in 
that on the farm there is a larger percentage of wood to 
be painted, and the country air carries less industrial gases, 
largely eliminating the highly destructive carbon dioxide, 
sulphur dioxide, and hydrogen sulphide gases found especially 
in industrial centers. 

First of all, in the protection of an object, it is most 
essential that the foundation coat be right or nothing will 
stand up over it. Firm and permanent adhesion must exist 
between the surface and the priming coat and the latter 
must be designed to suit the particular surface. Then the 
properly primed surface must be overcoated with finishing coats 
that will follow the expansion and contraction of the object 
and resist weather and abrasion. 
paint will be required for satisfactory protection. 

Outside house paints made on a white base represent the 
type of paint used most and it will be of interest at this point 
to look into their composition and into the reasons for it. 
I will consider two well-known types, first, a zine oxide-litho- 
pone-inert paint and second, a zinc oxide-white lead-inert 
paint. Both pigment combinations are incorporated in re- 
fined or raw linseed oil which is the universally recognized 
oil for house paint, to which is added enough turpentine to 
yield brushing consistency and impart penetration, and drier 
to make it dry. 

A typical formula for the first, known as the 40-40-20 
formula, is pigment, 60 per cent, and vehicle, 40 per ‘cent. 


Pigment 
IN eS inna ia thn crd ose bine Anirnré a WeeAce 40 per cent 
IE 6 cider icsacie an Bas ean ee acled 40 per cent 
SONNE eh cat ananceckwndn Farha hited. a'hin acai 20 per cent 


*Paper presented at the meeting of the North Atlantic Section of 
the American Society of Agricultural Engineers, State College, 
Pennsylvania, October, 1926. 

‘Sales Engineer, New Jersey Zinc Sales Company. 


Mem. 
A.S.A.E. 


As a rule three coats of~ 


Vehicle 
Refined linseed oil .................. 85 per cent 
MIS Se 2c dn lovohu, ere kascie<hs are: Aiw aitaa le 10 per cent 
ERR AAS nee arte ree crear aE ae! 5 per cent 


and the formula for the second is pigment, 65 per cent, and 
vehicle, 35 per cent. 


Pigment 
Basic carbonate white lead..... 50 to 65 per cent 
PID, 5 0. Sh 2t,9 co wre os ass 25 to 50 per cent 
er ene rr are 0 to 10 per cent 
Vehicle 
pe | rr 90 per cent 
IE 5.5.5 5:0 hex: Sin Wao la de eieFaioe 7 per.cent 
I a. oa biol d-cesiaadyar wate pacers Swe anew eas 3 per cent 


It is well known that a linseed oil film without pigment 
will not last long when exposed to the weather. It must 
be protected by pigments and the better the protection, the 
longer the paint will last, for it is the oil that binds the pig- 
ment to the surface; hence the age-old saying was introduced 
that “the oil is the life of the paint.” However, it is efficacy 
of the pigments to protect the oil that really determines how 
long the paint will last. 

The chief destructive factors in the weather that must be 
minimized by the pigment are (1) sunshine, (2) moisture, and 
(3) temperature changes. Coincident with these are erosion 
due to the dust and the wind and the effect of industrial 
gases. On the farm industrial gases will be practically negli- 
gible. 

Weathering of a paint will cause it to perish by a gradual 
chalking and wearing away—a process of erosion—or to crack 
and scale. The latter is most undesirable as it will mean 
scraping or burning off when the time comes to repaint, yet 
the film must be hard enough so that the rate of erosion will 
not be too rapid. 

In order to strike the right balance between too soft and 
too hard a film the action of the pigments when combined 
with the oil must be known and the pigments then selected 
and used in correct amounts. Lithopone and white lead when 
used alone will yield a rather soft, chalking paint film. Zinc 
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oxide, on the other hand, yields a hard film and is, by the 
way, the only white pigment known that will do this. The 
addition of zinc oxide to the lithopone or lead will harden 
the film to the right point if used in the right proportion. 
This in itself will retard the eroding effect of the elements 
and give longer life. 

Zine oxide will lengthen the life of the paint for two other 
reasons. First, it is practically 100 per cent opaque to ultra- 
violet rays in sunlight, which is one of the most destructive 
factors. No other white pigment is so opaque, and lead is 
practically transparent to these rays. Thus zinc oxide stops 
the ultraviolet light at the surface and protects the underlying 
layers of oil from premature oxidation since ultraviolet rays 
excite oxidation. Second, zinc oxide is of extremely fine 
particle size and with the oil makes an impervious film thar 
resists the entrance of moisture. From this, you can see that 
zinc oxide plays an important part in the protection of the 
oil in that, while adding to the paint’s power to resist abra- 
sion, it assists the lithopone or lead in their natural tendency 
to keep the film stretchable so that it can follow the move- 
ments of the ever expanding and contracting surface. After 
all, the ideal paint film is one that most nearly approaches 
permanent elasticity and is at the same time sufficiently hard 
to resist rapid erosion. 

The part that the inert pigments play is important in a 
purely mechanical way. These so-called inerts—silica, mag- 
nesium silicate, barytes, etc——have no hiding power when 
ground in oil, Their particle size is severa) times that of 
the other white pigments—zinc oxide, lithopone and white 
lead—and they build up the paint film. However, some paint 
manufacturers believe inerts are not needed for making good 
paints. 

The formulae given above are well balanced, as has been 
attested by the service they have given. Incidentally, since 
lithopone is whiter than white lead, and has a much greater 
hiding power, it imparts these qualities to the first formula 
with the result that it is a whiter and better hiding paint 
than the second, yet costs no more, usually less. These 
formulae represent what you are apt to get if you ask for a 
ready-mixed white house paint at the paint store and are 
the base from which tinted paints are made by the addition 
of tinting colors. You can use them successfully on your 
wooden house, barn, sheds, fences, etc. 

For priming unpainted wood, the amount of oii, turpentine, 
and drier will have to be increased so that the pores will be 
satisfied and proper penetration and anchorage effected. 

There is another type of paint largely used on the farm 
and that is “barn paint,” which if made right, is extremely 
durable. The best quality of barn paint should be on a lin- 
seed oil base the same as the white house paints and the 
pigment should contain a mixture of about 85 per cent red 
iron oxide and 15 per cent zinc oxide. The presence of the 
zine oxide greatly prolongs the life of the paint and aids ‘in 
retaining the color. This ideal, however, is seldom reached 
in barn paint since the farmer is apt to consider any paint 
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is good enough for the barn even though he demands the best 
for his house; yet the paint job should be figured as 
service at so much a year and not as paint at so much 4 
gallon in the can. It costs three to four times more in labor 
to apply paints than the purchase price of the paint itself, 
so it is worthwhile to spread only good paint. 

For metal painting (and I will base my statements on the 
painting of iron), the chief consideration is to get next to the 
clean metal a coat of paint that resists the formation of rust 
and adheres tenaciously. There are several types of metal 
paint that will do this and the best known are those made 
from an iron oxide-zine oxide combination of approximately 
85 per cent and 15 per cent, respectively, and red lead paint. 
Chrome yellow or graphite incorporated into various pigment 
mixtures have also given good success. A metal paint that 
has been used for a long time in Europe, and is now being 
worked out in this country, is composed of metallic zinc 
powder and zine oxide in the proportion of about 80 per 
cent to 20 per cent. Metallic zinc powder is known in this 
country as zinc dust and being a blue-gray powder, it imparts 
this color to the paint. All of these are linseed oil paints 
containing drier and volatile thinner and with the exception 
of the red lead are also used for finishing coats as well as 
for primers, as they hold their color. 


Concrete, out of doors, is not as a rule painted, but it 
can be for decorative purposes, and protection is given by 
preventing moisture from entering and enabling frost to cause 
the concrete to spall. In making concrete paints special 
vehicles containing some chinawood oil are combined with 
the pigments, which usually are combinations of zinc oxide, 
lithopone, lead, inerts and tinting colors. Chinawood oil is 
incorporated as it resists the action of the alkali in the con- 
crete better than linseed oil. . 

The paints that I have described together with shingle 
stains—combinations of creosote, linseed oil, volatile thinners 
and small amounts of coloring pigments—and roofings, which 
are an asphalt and pitch base with asbestos fiber incorporated, 
will adequately take care of the exterior painting on the farm. 

For interior work the statement made about exterior 
painting also applies; namely, that paints used in the cities 
will be no different from what you will need on the farm. 
Interior surfaces are indeed protected and preserved by paint- 
ing, but the chief function of paint inside is to brighten 
and add to the attractiveness of the surroundings, and for 
purposes of sanitation. If the proper quality of interior paint 
is used it is safe to say that it will never wear out because 
of natural agencies, but it will be scuffed off and become dirty 
and must be renewed for these reasons. 

In selecting these paints, consideration should be given 
to the color. Any interior can be brightened with white or 
light-colored paints, and lighting bills saved. Living rooms 
can be made cheerful or cheerless according to the color 
schemes, and kitchens and other work rooms especially should 
not be painted with drab colors as these rooms are apt to 
diffuse enough dullness.in the course of the day’s work. 
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It costs three or four times more in labor to apply paints than the purchase price of the paint itself. Therefore it is worth while to spread 
only good paint 


aa ie Se * a half eI eet es eT > il, ih GRAINS yo be ores crt eee sO a oe f° i ee 
By die Seta a TL aie es eee Se ses. can 2 aa a : , ty 
a eee Se Str De Tet a Se Oo ee = anges x » ae etd 
uN we ig ay Rais eet Lge et ts aaa meee oo ae 2 yore la eee 
Faas ys Propane. =) a a” hae a TiN Se” ies. Sg kot: Cha aaa Re Sie ata wa “ ; are Satan ra 
“ae Bph oot Be by Ret ee ae ras ey te, =. pad ne? dict Aimee mae | oe ins. Ca Md 
“Sie i ae ‘ ao Sr Se ee eee NS vers =a seh ce tie = i Ne tk 
7 ee ie oe ee eee ee ee ; Oh yg Gn 
snl } a , 
; bday ie 
q pe ee Ay. 
aie pais wr 
io 2 dle’ 
eS ARIS 
; 00). aa 
jeu 
5 rs 
7 wHeh Ave 
. aN dee 
: 4 tay 
: mes 
; a Saas 
: ay 
7 Bets BT ed 
q EA a | 
> Ms 3 
4 : 4 o 
7 . poe “avs 
q : kere 
7 me ea 
a wee es e 
. ’ ate 
: 5 Baie Re is 
: AT a 
: Me Aa ees 
q oy tis Weliraa gh) Seo 8 
«| Ae eld Sd 
: : wee ade J 
: ay Vee 
| RS ear ames 
’ (sb 7 
1 een oak 
: tos ilar 
| RR: 
} : rela 
- Spueld 5 
| J Vee 
. : : 
| * 
i ete ta : 
ay to 2 - 7 
¥ 1 * 
Od Sana 
apd « at “¥ 
Fee Wey 
. A Niee 5) a 
BO cite tk 
f eal Fg wy ok 
as vs uy. 
1 Lithete 3 
| Sees 
& ve ENG ae 
| Pies 
J ahs Ory. ‘ 
Gina Le eae 
| Pa 
, RE ee 
igs Se 
a us = yey 
Cicakes ae es 
4 ne 1 at 
PL eeeaard & 
: ay x? ny 
| Pa CRA a ee eee 
, HEE Utes do 
| Fite Sea 
: ‘ > ana 
| a.” Fe the 
1 ith Sate Sa 
’ a yt 
q Mais ee 
| Ces 
( Seria 81: 
: gy vs Wee me 
| ee Ae 
‘ Sie cep 
> Ge saa 4 i 7 a 
Veet Sean 
4 = ee ees | 
oe ae i 
; a> 
: : : : id tae aaa 
é : : : : j seg 3 
. 3 : ; Laid 4 
‘ ‘ : : ‘ aly Ae artes 
| ee : a eee or . 7 F 
. dee = ‘ ———— = : 3 Be x eat ~ 
ON REE Salas aes i : = ee Fs. . * t SSeS See S . oF ae 
» ee See Se ee en ees ie OR. a . f peasy at 
Me a ee ‘ ge EE 8 OS EES oS oe . mgs Bi ae 
’ Z . 4 : oe cee Se ee : : aioe Bak ES ee aes oe. Pee ' oe = \ a SS Vicarea eas 
were, ©. | “SH 0 eee Ener 
: oe - Site . eer AGS. a9 Rea ae ee £e ee, ee nt ee Ph ako) tear 
b ae — eS | eer es (ae ec, Saale Site eRe eRe re lial — ee $ eas, 
es Bil, ‘Lime Se teeter es ee ae age rete ye ATR 
} = ee Beet sain... 6. od aie | we Ke : ~ ca % { a , pt RATAS Gahar e 
MN ne re Pe Nha a se a sMeeees Sie si = ce ; 4 : } ie sy ye ha 
’ eM EE SS ‘ he / tie. tat Be i . ies cee 
a ee eee -”—t—‘“tCia’ ye eae ie Reis 
-_— o. acc) alg Ba ial = aes eae — i SS ae (tis ee ill oe Be : = ; Ss a ME : ben 22 
. 4 CO See ee ee Hege is 
7 > ) r 48 PR, i See | See ee Lol z . Fate a ~ le 35 : A ward Week 
: ro © ———— TTR Sen canna mi ea Oe besa ee 
: a . * ee = ets Pe ee ag: - Seip ims ig he annie ie cette a a ee al TBs ears 
: po a ie Sete te = cal rinsed a8 ih. Ses Tee hk a HEEL, eR ae Soa ee ag wip arn 
- rs 1 oa Be ee. ST SS on aes Seether o pe RS Sa sca > ah on bees 
: eS ee a ee. i hon eM Pepin rar 
OR aie. Pane SS RO AU Sr om Eeieethere, |. [itieesines Sansome c Se fe hee ee gis tei 
Se Sew sein ef a a ==: bicers eo 
4 Tea ae Arla lets” eee ‘= eee gee ER eo a RM Aalae ce eet a x gaara id oat SAS ays 7c 
: ap eees., ae + I a a nr oe mm emer oe : Raat. 
; Ce am pee Bea. ee aoe EE ee eee ae eth: 4 he 
: Yet i ann ; i. ee rh 
: Lee cas. = - a Ne tee ee ee AON wa i 
7 Mebae se ees. The eee | Ee a a a ee ood ha Bes 
rs EE ee peepee |, 
J PS ee a rr anes ei ee Sie PS Fat ca gare 
om ali al os = i a ee ae ee eS eat 
; : chs ee A a Wee ee rere ere ee ET SR RTS tc Daa ca. a 
; : : : . " tae oe ae Wise! tear. > 
; Wise: Se 
: sige: alae 
: Bei, Cee 
: ee page ay 
: eat ote 
Bae 
Bs aia 
ly Aa + 
q . ies 
“(aa Oo eee BA 
Sete Glee tae 
P F eee rere iy 8 
MGs 40 
PP pe Salas Te 
¥ eats 
iy — . he Fe va eee 
Bae UE 5 . as 2 . ‘= emg gi " —s : we Fh aah Le 
eS | «hammer. a Mined See Ne OL ee Veum oo ere ae We iat é RO | Capi ee hs + 7 Pa ‘ "tel. 
ae ee TOs Eig) Tes ae so Pees: ilies is BST ga AIRY Gl 
a: ities aoe ee aly at aegis rae . oa ts Ae See shy, |. | LIRR aes A aa a wa fe i r., aee Ba says Fie Ty 
PONE EMS i etithee . . 20 ippRARRRes SSO a 3 mee) he Uae es ee a ONY Se a a 


222 


interior paints are usually made with lithopone, zine oxide 
and inerts as the pigments. Linseed oil in the form that it 
is used in outside paints does not comprise the basis of these, 
but the vehicles are more on the order of varnishes and heat- 
treated oils. They are adjusted to give a flat or gloss finish 
and this is done chiefly by changing the amount of non-volatile 
matter in the vehicle—in other words, the amount of oils and 
gums. Both the gloss and flat interior paints or enamels 
are durable in unheated as well as heated buildings, but the 
surface must be primed to suit the material to be painted, 
which may be wood, metal, concrete or plaster. As a rule 
all undercoaters are designed to dry flat since better covering 
is secured and a flat paint can be recoated better than a 
gloss paint. Interior paints are sold under the general heads 
of flat wall paints, undercoaters, interior gloss paints or enam- 
els. The flat wall paints can be used on any properly primed 
surface and the same is true of the interior gloss paints. The 
finest white enamels are made from straight zinc oxide and 
are used where a fine finish is desired. Oil paints are more 
satisfactory than waterpaints as they are washable, but where 
frequent painting is necessary for looks or for sanitary rea- 
sons, water paints or whitewash will do. 

In priming plaster or concrete the pores must be satisfied 
as is the case with wood and this usually is accomplished by 
adding oil and thinners to the paint. If possible the concrete 
or plaster should be allowed to dry out thoroughly for a few 
months. Even though it has this much time to dry out it still 
is “green” and before painting it should be washed down with 
a solution of four pounds of zinc sulphate to a gallon of 
water in order to kill the lime and prevent so-called “hot 
spots” or “lime burns.” Then let this dry out a few days, 
sweep down the surface with a broom and it is ready for the 
priming coat. 

I have not attempted to cover everything that is to be 
painted nor all the items of paint that will be used on the 
farm. There are floors, trim, and places that require coatings 
to do special duty that may demand different paints, varnishes. 
stains or even the newer nitrocellulose lacquers. These ma- 
terials are all specialties and proprietary articles and their 
purchase and use must be accorded careful attention. 


DISCUSSION 


Q. What is the vest way to paint the interior of a cow 
barn? 

A. The best material for this purpose is a flat or gloss 
interior paint made on a lithopone base with or without the 
presence of zinc oxide. Since frequen: “hosing off” or washing 
down is necessary, a gloss paint will be preferable to the flat 
as it is more washable. A three-coat job, using two coats or 
flat undercoater and one of gloss white, will give satisfactory 
results. 


Q. What is lithopone? 


A. Lithopone is a white pigment consisting of approxi- 
mately 20 per cent zinc sulphide and 70 per cent barium 
sulphate. It is prepared by the chemical precipitation of solu- 
tions of zine sulphate and barium sulphide in molecular 
amounts. It is extremely white, has high hiding power, and 
although introduced into this country only about twenty years 
ago, it is one of the foremost paint pigments today. 


Q. Is it necessary or advisable to allow a building to stand 
a year before painting? 


A. The advisability of letting; a house stand for some 
time before painting arises from the fact that there is apt 
to be present in the wood sap or resin. This is particularly 
true in cedar, yellow pine, fir, cypress, and so rorth. Woods 
carrying much of these ingredients offer considerable difficulty 
in painting, inasmuch as the sap or resin tends to leave the 
wood due either to the sun or artifitial heat. The sap or 
resin in leaving may either push the entire paint film off 
or come through the paint film an¢l stain it. A similar condi- 
tion may exist if painting is done just at the time that plaster 
is drying. The moisture in the plaster is apt to come through 
the wood, especially if it is of the soft and spongy type like 
cedar, and cause the paint to peel. It is safer then to let the 
sap, resin, or moisture escape as much as possible, then apply 
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the priming coat, stop up the holes and cracks that may 
appear with putty, and proceed with the finishing coats. As 
a rule, it is advisable to allow the house to stand only from 
three to six weeks before painting. 


Q. There are many barns which have stood for years and 
which have never received any paint. In view of this, is it 
necessary or even true economy to paint barns? 


A. There is no doubt that a barn will be in better shape 
if kept painted than if not. It is true that inch boards will 
not cup and warp like the thinner clapboards, but they will 
check and split and around the nails decay will set in and 
the board become loosened. Although yuu can find in the 
country many unpainted barns that have stood a long time, 
yet if you were to take a cross section of all the barns, you 
would find thai the painted ones outlived the others. Certain- 


ly they would present a better appearance, and this is worth 
something. 


Q. What is the best method of repainting a shingle root 
that was painted four years ago with a creosote stain? 


A. Such a roof can be repainted either with a creosote 
stain or with a good oil paint. A roof that has been painted 
with a creosote stain does not afford, as a rule, a surface ic 
be repainted in a short time with an oil paint. One that has 
stood four years, however, has lost all its creosote and on 
such a roof an oil paint can be used. Whether you repaint 
with a creosote stain or with an oil paint, it will be necessary 
to have an excess of vehicle, either creosote or linseed oil, 
present in the priming coat since weathered shingles are ex- 


tremely thirsty and consume generous quantities of the 
vehicle. 


Q. Is it necessary to remove cold water paint from an old 
plaster wall before repainting? 


A. If the water paint is sticking firmly to the plaster, 
it will not be necessary to remove it. If it is loose, go over 
the wali with a scraping knife and a wire brush to remove 
all the loose particles. Then you are ready for the priming 
coat of flat wall paint, to which will have to be added suffi- 
cient boiled oil to satisfy the pores of the plaster. If this 
priming coat does not give a uniform surface, touch up thc 
flat places and finally proceed with one or two more coats 
uf flat wall paint. In scraping and wire-brushing on plaster, 
be careful not to dig or unduly roughen the surface. 


The Design of Farm Buildings 


HE three main considerations in the design of farm build- 

ings (or in any building) are plan or arrangement, con- 

struction and appearance; these are all inseparately linked 
together in good design and must be considered together. A 
good plan involves the location of the various units with 
reference to each other in such a manner as to afford proper 
functioning with the least lost motion and waste of space, 
operation with the minimum of labor, ease of access and com- 
munication and, in some cases, allowance for expansion. Such 
a plan requires the cooperation of those thoroughly familiar 
with the operation, maintenance and functioning of the vari- 
ous units on a farm and those familiar with the grouping 
of such units in a well-balanced plan involving the features 
before mentioned. Such cooperation intelligently considered 
will result in a plan whose exterior and interior may be both 
sound in principle and pleasing in appearance. No set rules 
can be laid down. The result may, and often will, be a 
rambling type of plan in which each unit is treated according 
to its special requirements. Irregularities of site should be 
taken advantage of as there are great architectural possibili- 
ties with buildings on different levels. Planting, frequently 
neglected, with help to soften otherwise hard outlines. Orna- 
ments should be used sparingly and should be large in scale. 


In conclusion, planning has been described as consisting 
of two things-—the material satisfaction of the program in 
a mechanical way and then the introduction of the artistic 
or expressive element. I am convinced that these two ele- 
ments may be combined in the design of farm buildings, but 
careful study and knowledge of both are necessary for the 
production of really satisfactory solutions, - 


hen te aN AND Ete AE 


annem 


re 
Ww 
a 
b 
h 
0 
a 
¢ 
s 
a 


ge a ee ee 6 a 


7 Ww oe 
Sa ae 
tye 5 aay” 4 ‘ 
Ya 4 . - Ai aes Sais ? oO os 
cece , 1 ope eee 
ae ea es 
‘as eg al 
Be. Bin 
‘2s z 
c | 
gneie 
2 : 
Bie una | | 
so OO eeee—C—SC 
Bee bes 
Sg ee Po { 
a 7 Au 
Pi ceske Gy aoe ' 
Nga aes : 
Ree os . 
Soe, : gt 
he J Tk 4 
5 ee es 
ie ae : 
He ae 
eras ¥ ) 
paiiee sis tt : : 
2 rs ; 
oo 
23. 
fy a 
ae ae ; 
et oi — 
ee ee a 
St ae 
= oe 
ee oy, 
La 
pues 
ae ‘ | 
Al pia 
See ewes : 
agp et ie | 
Rate S Wee : 
eats ee : 
aes ah 
ae ret ’ 
"ie pst 
na rage 
ape ee q 
ek iced 1 qui 
i 
ok ake 7 
at ts 4 : rec 
Dt oo) ne |e . 
a Maem ; 
a ee pee : ber 
Eee era : Fo! 
% meg ese . a 
ose baie 
ROA eee : tak 
[-DS Soeuee T a 
fay oan 
eae a ee to 
=) Sees : 
Oana : 
rt ie Res: : 
es ca yI 
= ge Oo 
ea ‘fase _ the 
fea? es 
tie a bee mé 
i; cameos 
ro Same, id 
eo oe an 
wees. Se 
De es a» al 
re 2S 
Ce oe 
aah 
: a Fe PO | 
ee a, 
eS i 
Viscne ae SL ‘ of 
Beem Si te, of 
Se ae 
fo Gene aa . 
Lo ae | 
ore aie aera 
eer oeaiaille : 
oo ‘ 
eS t 
eo 
: “33 Ae es 
Fie Sain: 
aie aaa ae 
a teed 
Page eae 
for. ates 
Pg ties 
Pee Retin ee 
ee ee PE 
Sohn eee oem 
pol? ip aN ee 
Lice : 
if en a aA : 
4% eee cla : 
pS Sal oy ae OM 
ees Sy 
Sept hel 
Soe a Se 
2 VGN beter 
hs sae 
Tee eee Ape et 
ete Peaks x 
ee Berge 
ue Pees ahs 
3 pac ae, 
aiee doias 
a 2 epee | 
a ee. 
Soe) Soe , 
Sigel CE ee. 
pte a ey 
2 ee are et) 
Beg oe 
oe ae | 
Rice PE 
a one 
ha eins tea 
eer Sees; 
ae Oe ; | 
Saye epee 
“ere tee 
SRE ae 
ee 75 
eee a hae 
Uae SWcean 
re aaa bas Ka 
Reena a ane 
Bae hui, aio ge 
7 Pet 
shee 
reer oeabie 
J Seles Meat 
ST ees 
tamer ere 
er ce os 
wae 
~ Sp eaaniie! 
isameerrse > 
Ree 2s a 
cts gee eta 
on ae 
ot alae aie 
ae) Ceeaaier 
2 ae ee 
Riel eat. og 
y, Ae eae : 
Mee sh 
eae 
=) eae rae : 
See ct 
“aaa ag 
Sa ee ie 
eS he sae oh 
eae ae 8 ‘ 
eae eg. ine. . ie 
i ae ty al 
ee Se 
7 eee Sena. 
aie age, oad 
i es ee: | 
eo ee 
Re | 
‘at i ne 
=~ % ae cs : 
Ne pe) ae fe 1 
ce, Se 
ay ate 5 oe 
ete) «22 - : 
Sah eh ee : 
ine, TS 6 eee ; 
Se ee 
SEM. cP fate m 
agrees. Sai 
MRE ts 
9 aera BS : 
Bip ee aes re / 
Re yer ; 
Be! IC 
i aE ee f | 
SE aie ripe ae 
eR ARN eager, 20" 
2 aig rie tT 
BN nt rx) i ae Po eee ee % . 
Bree «(toa ze gta beh oleh Be ea " , 
eae are a we ies aa ye ae ae bien Ses . 
Buoys sea a a is an Tees . 
Ri Gaeateeg nt is —E , 
Page eer oet *? % pee ; 
hae eee = 
AE ee eine be 1 
ce i 
ef: 


’ 
7 
q 
q 
7 


SA OLE TEP 


August, 1927 


PLN Ls 


AGRICULTURAL ENGINEERING 


223 


AuueanyuuenennneaNagATUUUUUUUUUUONENEAGEMALAEOUUUUUUNAENEGAANAUUUOULOUUUOENRSNALION HOUUREGVERECHMAUYUOUDERERERERAEGAUQUOUUUUUEELALGTAMAQOULUOUUOU OGL EDOALOUOUUOU UL EUGACANMAMUOU TENNER UUOUA GUNN NAAM ENUM NaN ANACU LULU SNGE NALA AOU UU AL eeN NET AALU HANNAN 


Research in Agricultural Engineering 


A department conducted by the Research Committee of the American Society of Agricultural Engineers 
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Research in Agricultural Engineering, 1926* 
By R. W. Trullinger’ 


ESEARCH and investigation in agricultural engineering 
experienced rather active development during 1926, es- 
pecially in certain lines. The work has now assumed 

quite substantial proportions in several institutions and is 
receiving at least limited consideration in quite a large num- 
per of the institutions interested in agricultural research. 
For various reasons several institutions have as yet under- 
taken no investigational work in the subject, and it is hoped 
to undertake a systematic inquiry into these cases. 

It is possible, in this report, to draw attention only to 
typical and outstanding instances of investigational work in 
the subject and to review briefly the more important results 
made public. The purpose is to indicate the general trend 
and scope of these activities and, where possible, the lines 
along which they should continue. cies ; 


MACHINERY 


Much interest has been manifested both in the develop- 
ment of new methods and machines for the performance 
of agricultural operations and in increasing the efficiency 
of existing methods and machines. The former work has 
required efforts primarily to evolve underlying principles, 
while much of the latter has reached the point at which 
a knowledge of the principles involved becomes necessary 
before further progress can be made, Considerable impetus 
has been given this work by the Farm Power and Machinery 
Division of the American Society of Agricultural Engineers 
and by the U.S.D.A. Advisory Council on Research in Me- 
chanical Farm Equipment. As a result of these activities it 
seems likely that a creditable program of research will eventu- 
ally be evolved. ° 

Traction. Some notable efforts have been made to better 
adapt tractors to the conditions of mechanical farming. For 
instance, in a laboratory study to determine the laws govern- 
ing the traction of wheeled tractors using lugs in a sandy 
soil, the Alabama station found that the greatest factor in 
the transmission of force from any lug is the complete 
utilization of the arch action of the soil. The resistance 
to shear was found to determine the tractive value of the 
soil. If the soil is confined by a rim causing arch action, 
the shear area is increased by bringing the line of shear 
more nearly parallel to the surface of the ground, the shear 
angle of unconfined soil being 45 degrees. The compress- 
ing action of the rim not only increases the arch action 
but also the shear value per square inch. The character- 
istics of a tractor, taken in the order of their importance 
with reference to tractive value, were found to be (1) the 
distribution of the weight on the driving wheels, (2) the 
depth of lugs, (3) the width of lugs, solid or broken, and 
(4) the angle of the lugs across the rim. With a given 
width of rim, the output was found to increase up to a 
maximum as the weight carried by the wheel was increased 
up to a certain point. Beyond this point the output de- 
creased. When a given weight was carried by the wheel, 
the output was found to increase with the rim width when 
the weight was sufficient to force the lugs into the soil. 
Other factors remaining constant, the output was found to 
be proportional to the depth of lug within the range of lugs 
studied and varied but slightly with the width of lug. A 
solid angle iron lug gave the best results in loose soils having 
slight arch action, In soils where there was appreciable arch 
action, sharp spade lugs showed an advantage. The spacing 


*A paper presented at the 2lst annual meeting of the American 
Society of Agricultural Engineers, at University Farm, St. Paul, 
inn., June, 1927. A contribution of the Research Committee. 
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of spade lugs was found to depend upon the arch action 
of the soil, which in turn was governed by the confining 
and compressing action of the rim. The angle of lugs across 
the rim had little effect upon output. The highest tractive 
efficiency was produced by a wheel weighted just sufficiently 
to force the lug into the soil. 

The results of field studies by the Alabama station verified 
those of the laboratory studies. The influence on traction 
of weight per inch of rim width depended upon the lugs 
and rim taking full advantage of the arch action of the 
soil. Drawbar pull, horsepower, and rolling resistance were 
found to vary directly with the depth of lug. Spade lugs 
are superior to angle lugs in loose sand when the wheel 
earries a relatively high unit weight. 

The California station has undertaken a study of the 
kinematics and dynamics of the wheel-type farm tractor, 
the results of which are now being made public*. This is 
an outstanding example of efforts being made to adapt me- 


chanical traction specifically to farming practices and opera- 
tions. 


Air Cleaning. In a continuation of studies on air cleaners 
for automotive engines, the California station showed con- 
clusively that there is a wide difference in dust concentra- 
tion at different points under the hood of an automobile 
or motor truck. 

Studies conducted by the U. S. Bureau of Mines for 
another purpose seem to bear rather definitely on the de- 
velopment of technique in connection with air-cleaning in- 
vestigations. Tests in single and multiple layers of various 
fabrics, including cheesecloth, canton flannel, unbleached mus- 
lin, closely woven bleached muslin, filter paper, and absorbent 
cotton against tobacco smoke and silica dust in air flowing 
at the rate of 10 liters per minute showed that each layer 
of fabric removes about the same proportion of smoke or 
dust that penetrates to it before the filters become clogged 
or altered by deposits of an arrested material. Consequently, 
when the efficiency of a single ply of a filter is known, the 
efficiency of any multiple-ply filter of that material may be 
calculated. Silica dust clogged filters rapidly and increased 
the resistance to air flow, but some materials were more 
resistant to clogging than others. The dense filters clogged 
most rapidly, while those of loose textures clogged the least. 
Woolen fabrics proved to be no better filters than cotton 
fabrics of similar texture. The efficiencies of the filters 
decreased somewhat with an increase in the rate of air flow, 
and the resistance to air flow increased in proportion to the 
number of plies of fabric after the first ply. Thus air filters 
of high efficiency can be made by use of a sufficient number 
of plies of a material having a low efficiency per ply. Such 
filters were found to clog less rapidly than equally efficient 
filters composed of fewer plies of tightly woven material, 

Engine Lubrication. The development of a _ two-stage 
method of purifying used tractor crankcase oil has been 
reported from private sources. In the first stage of this 
method the solid matter is removed, the process consisting 
essentially of washing with hot water containing washing 
powder in solution. In the second stage the absorbed motor 
fuel is removed to restore the oil to its proper viscosity 
by placing the cleaned oil in a tank in which it is heated 
to a temperature of from 350 to 380 deg. F. and steam blown 
through it. Both the steam and the high temperature are 
essential to the removal of the heavy ends of the fuel. When 
the steam passes through and opens up the mass of liquid, 
the fuel ends are readily and completely removed. 
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The Mellon Institute of Inidustrial Research found that 
in engine runs simulating ordinary cool weather operation 
and with a 10-to-1 ratio of air and ordinary gasoline, lubricat- 
ing oils distilled from Pennsylvania and Mid-Continent crudes 
gave considerably larger carbon deposits than oils derived 
from Gulf Coastal crudes. Under conditions simulating sum- 
mer operation with a 12-to-1 gas mixture, the carbon deposit 
with Gulf Coastal oil was only half that with Pennsylvania 
oil, while that with Mid-Continent oil was midway between. 
Carbon deposits from Gulf oils were in general dry, powdery, 
and friable, while those from Pennsylvania oils were very 
hard and adherent over the hotter areas and sticky and 
asphaltic over the cooler areas of the combustion chamber. 
It was considered probable that the belief that there is a 
connection between so-called heat-resisting properties of an 
oil and its desirability as a lubricant is erroneous. The 
results indicate that oil which will leave the least residue 
upon evaporation from the metal surfaces, will give the least 
trouble from carbon deposition. 

Tests by a commercial institution to determine the amount 
of pressure required to rupture the fluid film in a 3-in. bear- 
ing, rotating at constant speed and using oil with and with- 
out suspended graphite, showed that, under conditions of 
ruptured film lubrication with some solid contact, the pres- 
ence of graphite substantially reduced the friction. Graphite 
was effective in prolonging the period of unbroken film lubri- 
eation. This seems to indicate a revival of interest in the 
lubricating value of graphite in the search for lubricants 
which will meet the requirements imposed by certain severe 
specific conditions. 

Engine Fuels. In the quest for internal-combustion engine 
fuels which will better meet the requirements of definite 
operating conditions, the problems of detonation and carbon 
deposition as factors in both economy and efficiency still 
seem to be uppermost. . 

The Mellon Institute of Industrial Research showed that 
high-operating temperatures, the use of the more volatile fuels 
and lean mixtures, and the use of lubricating oils of relatively 
high volatility and containing little carbon residue, all tend 
to reduce the deposition of carbon in an internal-combustion 
engine. Carbon deposits were found to be fairly constant 
in amount until the head temperature rises somewhat above 
400 deg. F., after which there is a drop in them as the heat 
is increased. No marked change in quantity of carbon was 
noted with different fuels through the series of commercial 
gasolines, but excessively high-carbon values were obtained 
with heavy cleaning naphtha and kerosene. A benzol blend 
gave slightly more deposit than motor fuel, but the deposit 
was softer and more sootlike. Natural gas gave only 5 per 
cent less deposit than commercial gasoline. This was taken 
to indicate that in a 12-to-1 mixture a good average grade 
of gasoline plays a very small part in carbon deposition. 

In studies at the Ohio State University, nickel as the 
carbonyl was found to have an antiknock coefficient of 30 
and bismuth in its trialkyl and triaryl derivatives had a co- 
efficient of from 18.2 to 20.2. Cadmium in its alkyl com- 
pounds and titanium as the tetrachloride were also found to 
function, but less markedly. It was also found that the 
state of valence of the antiknock element is not essential 
in determining which of its compounds should function. Gase- 
ous ionization was found to decrease with decreasing detona- 
tion in internal-combustion engines. This decrease is noted 
irrespective of whether the knock is suppressed by the addi- 
tion of an antiknock compound or by changing the composi- 
tion of the fuel. This was taken to indicate that antiknock 
materials affect this ionization only in so far as they tend 
to suppress detonation. 

Studies by the Massachusetts Institute of Technology of 
the ultra-violet spectroscopy of engine fuel flames showed 
that during detonation the firs: quarter spectrum extends 
far into the ultra-violet and that of the second quarter a 
somewhat less distance. The third and fourth quarters were 
characterized by very little radiation energy. During normal 
explosions or when knock suppressers are used in the engine 
under detonating conditions, the spectra of all four quarters 
have the same length and essentially the same intensity. 
Lead emission lines from tetraethyl lead appear only in the 
first quarter. This is taken to indicate that the action of 
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an antiknock material occurs throughout the mixture rapidly, 
probably by thermal decomposition ahead of the explosion 
wave. The ultra-violet spectra show that all substances which 
act as knock suppressers have precisely the same effect in 
that the energy liberated is distributed throughout the whole 
stroke instead of largely in the first quarter. 

Engine Design. The engineering experiment station at 
Purdue University reported studies, the purpose of which 
was to establish the optimum distribution of metal in the 
trunk type of piston for thermal conductivity from the head 
to the cylinder wall. It was found that the head of uniform 
section is the best conductor of heat, and that the short 
barrel of tapered section is the best dissipator of heat, A 
head section thick at the circumference will assist in the 
dissipation of heat and for this reason a large fillet is recom- 
mended at the junction of the head and the barrel. The 
addition of metal to the head was found to lower the maximum 
temperature more than the same volume of metal applied 
to the barrel. The barrel should be as thick as the head 
section at the head end, and as thin as practicable at the open 
end. 

Ribs, when properly designed, were found to improve 
the conductivity more than an equal quantity of metal added 
to either the head or the barrel. The proportions of the 
head, the barrel, and the ribs are mutually dependent for 
best performance. The triangular rib, extending from the 
center of the head to midway the length of the barrel, is 
the most effective. A large number of thin ribs was found 
to be superior to a few ribs of the same total thickness, 
since this arrangement gives better heat distribution over the 
head and the barrel. Between 60 and 65 per cent of the total 
heat was found to be dissipated from the ring belt in the usual 
type of piston. The conventional ring belt is about 60 per 
cent as effective as the piston skirt in dissipating the heat 
with the same temperature difference. It was found that the 
ring belt should be as short as possible and that a broad 
bearing land within the ring belt will improve the heat 
emission. It was further found that piston rings which make 
good thermal contact with the piston should be used for 
maximum cooling, and that a gray iron piston head section 
should be designed for conductivity rather than for strength. 
Gray iron should be fine grained and homogeneous for thermal 
conductivity, and low density, low coefficient of expansion and 
high coefficient of conductivity should characterize the piston 
material. 

Soil Dynamics and Tillage. There have been continued 
efforts to determine the factors governing the production of 
tilth in soils and to develop implements which will accom- 
plish this with a minimum utilization of power. Special 
attention has been paid to the latter feature and methods 
of study have been under development. 

The Rothamsted Experimental Station in England, in 
investigations of the use of the dynamometer for studying 
the factors involved in the draft of implements in soil culti- 
vation, found that, if careful attention is given to adjust- 
ments in the dynamometer, the variations in drawbar pull 
obtained can be definitely ascribed to variations in the soil 
resistance. Variations in hitch and set of the implement 
were found to have no measureable effect on the drawbar 
pull unless the depth of working was affected. Tests on 
adjustment of depth alone showed that over the normal range 
the drawbar pull was proportional to the depth. The slope 
of the land was found to have no effect on the drawbar 
pull for gradients up to 1 in 40. The effect of speed was 
also slight. An increase from 2.5 to 4 mi. per hr. caused 
only a 7 per cent increase in drawbar pull. It was con- 
sidered unlikely that the cost of the extra fuel needed to 
sustain this 7 per cent increase would be more than a small 
fraction of the saving. In order to express this work a 
power factor was used which is the product of the drawbar 
pull and the time in seconds required to plow 1 ft. length 
of furrow. This factor was found, in many cases, to be more 
sensitive than drawbar pull alone. It is closely related to 
fuel consumption and can therefore be used when the costs 
of various operations are being compared. Studies of the 
degree of uniformity of soil resistance on different fields 
showed that visual inspection is quite unreliable as an indica- 
tion of uniformity. The changes in drawbar pull across the 
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field were found to reflect corresponding changes in the physi- 
cal properties of the soil. Since the latter affect the growth 
of plants a relationship was found between drawbar pull 
and plant growth, especially in its early stages; for instance, 
the number of plants of winter wheat that survived the 
winter was greatest on those soils having the lowest draw- 
par pull, and the same relationship held for percentage of 
tillered plants. As growth proceeded the closeness of the 
relationship fell off until at harvest they were not related 
significantly to the drawbar pull. 

With reference to what should be accomplished by tillage 
some work has been done on soil moisture conservation. The 
California station has found, for example, that cultivation 
is of negligible value for conserving moisture in the soils 
of the state except in so far as such cultivation eliminates 
weed growth. 

The Nebraska station has found on the other hand that 
during the past eleven seasons 25.4 per cent of the rainfall 
has been stored in the soil by summer tillage. The Arkansas 
station found also that the deepest cultivation practices in- 
creased the average moisture content of soil during the most 
critical period of the growth of corn. 

Weeds are the principal consideration in intertillage opera- 
tions according to the Texas station. It was found that just 
enough cultivation to control weeds effectively is the best 
kind of tillage, and that the ordinary cultivator is the most 
effective implement for this purpose. 

It thus appears that the soil continues to be the chief 
unknown and limiting factor in the development of tillage and 
cultivation methods and machinery. It also seems likely that 
soil moisture and its regulation will be important factors 
in this connection, A more definite knowledge of the engi- 
neering properties of soils and of the physical and physico- 
chemical factors governing the manner of existence, functions, 
and regulation of soil moisture should go a long way toward 
placing the development of tillage and cultivation methods, 
and the design of the corresponding machinery on a rational 
basis. 

Field Machines. Considerable work has been in progress 
on the development of other field practices and the corres- 
ponding machines. In some instances the development of 
new machines is called for, but in the majority of cases 
the purpose is to introduce greater efficiency. 

Harvesting and Threshing Machinery. The California sta- 
tion found, for instance, that root cutting of grain sorghums 
preparatory to harvesting with a combine has many theoretical 
advantages over the systems of harvesting in use. Root 
cutting was accomplished with heavy horizontal blades at- 
tached to a heavy orchard cultivator and running beneath the 
crowns of the plants. Where all of the roots were cut at 
9 in. or less from the surface, the plants dried out rapidly 
except when irrigated immediately afterward. No plant whose 
roots were cut at least 5 in. from the surface went down due 
to the overturning of the sod. Only a very few plants re- 
mained standing when cut at 2.5 in. or less from the surface. 
Between 90 and 95 per cent of the heads were secured by 
harvesting with a combine after root cutting. 

Investigations by the California station of equipment for 
handling grain in bulk and in sack, which included thirty- 
seven combines harvesting 44,892 acres of wheat and barley, 
showed that the rate of harvesting per foot of width was the 
greatest for the largest combines. Combine labor cost per 
acre was nearly three times as much for bulked as for sacked 
grain. 

The Saskatchewan Department of Agriculture conducted 
field tests which indicated that where suitable conditions 
exist for the operation of the combine, the cost of handling 
grain is reduced considerably and many operations are en- 
tirely eliminated. Short crops difficult to cut with a binder 
are handled more successfully with the combine. The use 
of the combine presents the disadvantage, however, that the 
grain must be left standing from ten days to two weeks 
longer than if cut by a binder. Because of excessive moisture 
in the threshed grain it may be difficult to store it without 
heating and consequent depreciation. There was a loss due 
to incomplete separation from the straw when unripe portions 
of a field are harvested. 

In a continuation of studies on grain threshers, the Illinois 
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station found in blanket tests made in representative sections 
of the state that threshing losses were as high as 4.05 per 
cent for wheat and 10.28 per cent for oats. In nine cases the 
adjustment of concaves reduced the losses, and better feeding 
reduced them in eight cases, An increase in cylinder speed, 
closing of wind boards, raising of tail boards, and other 
adjustments also gave good results. The combine was found 
to give promise for soy bean harvesting, the loss being much 
less than with any other method. The cost was about one- 
third of that with ordinary methods. 

Miscellaneous Machinery. Considerable work has been 
continued with other types of belt-driven machines of more 
or less miscellaneous character. Adequacy of performance 
as well as power required for operation seem still to offer 
food for considerable thought and careful study. 

Silo Fillers. In continuing the work on silo fillers the Wis- 
consin station found that flywheel silage cutters of 11 in. or 
smaller are not economical to operate. It seems better to 
operate a medium-size machine at a slower speed. It also 
has been found that flywheel machines larger than 16 in. or 
cylinder machines larger than 18 or 20 in. are too large to 
be practical for ordinary use. Reducing the speed of the 
cylinder or flywheel also reduces the speed of the blower 
fan, 

Use of Electricity. The progress of some of the work in 
the use of electricity in agricultural practices seems worthy 
of mention in connection with the development of miscellane- 
ous machinery. While much of this work so far appears to 
be little more than tests of existing machines, there is some 
which has reached the point of machine development to take 
advantage fully of electricity as a source of energy. 

Dehydrators. The investigations of dehydrators for fruits, 
nuts, and other products by the Oregon and California sta- 
tions are significant examples. The former station has found 
that the capacity of a dehydrator is approximately doubled 
by recirculating part of the heated air with a fan. The 
amount of fuel used per ton of dried product is decreased, 
the operation of the dehydrator is under better control, and 
the dried product is usually better and more uniform where 
the air is recirculated. The construction cost of dehydrators 
per ton capacity is less for the recirculation than for the 
natural draft type. The use of electric motors as sources of 
power for driving fans has been found to introduce greater 
reliability for continuous service, more uniform power, and 
lower cost for labor in operating and for repairs. Electricity 
for lights and for power to operate oil burners, water pumps, 
traying machines, graders, and washers in dehydration plants 
has been found to save labor and result in a better product. 

The California station found that the thermal efficiencies 
of gas-heated walnut dehydrators varied from 11.9 to 34.3 
per cent, of oil-heated plants from 9.8 to 34 per cent, and of 
electrically heated plants from 28.1 to 56.8 per cent. The 
costs of the electrically heated plant, including operation, 
interest, and depreciation, were also favorably comparable to 
those of the other plants. 

Hay Hoists. Work by the Oregon station with electric 
hay hoists showed that such machines will replace a team 
and possibly an extra man and horse during haying. The 
power used in putting hay in the barn was less than 0.5 
kw-hr. per ton. Simplicity in the hay hoist was found to be 
an important factor, and the power should be no more than 
5 hp., and preferably 3 hp. A satisfactory hoisting speed is 
from 150 to 200 ft. per min. and the pullback speed should 
be no greater than the hoisting speed. The drums should be 
not less than 6 in. in diameter, and preferably larger. It is 
not essential to have a clutch on a single-drum hoist if there 
is a sliding gear to free the drum. Drums should always 
be provided with brakes. and should be free running when 
the clutch or pinion is disengaged. In large barns, and where 
large amounts of hay are handled, a double-drum hoist with 
cable speeds of 200 ft. per min. is desirable. 

Dairy Machinery. The California station has shown that 
in the sterilization of dairy utensils heat conservation is of 
great importance. The use of a thermostat is made possible 
by a reduction in radiation losses and the time of sterilization 
is increased without added costs. The results so far made 
public indicate that the ideal sterilizer is one which uses the 
heating element just large enough, the correct quantity of 
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water, and insulation to the extent that a thermostat cut- 
ting out the power between 200 and 210 deg. F. will result 
in a minimum consumption of electrical energy and will have 
a safe margin of exposure to a temperature 170 deg. F. 


Corrosion in Dairy Machinery. The California station, 
recognizing the fact that depreciation in costly machinery is 
a large expense item, conducted experiments which have 
shown that all types of paints, greases, and noncorrosive 
preparations tested give good results during one year’s ex- 
posure in a dry atmosphere, with the exception of metal 
lacquer and shellac. When exposed to a moist briny atmos- 
phere the heavy greases—vaseline, paint with graphite or 
graphite and red lead bases, and a mixture of white lead and 
tallow—gave excellent protection. Heavy oils and natural 
asphalt base paints gave only fair protection, while light 
oils gave even less protection. 


Stationary Spray Plants. Both the Washington and Cali- 
fornia stations have established many advantages of the 
stationary spray plant over the common portable plant. The 
former station finds that while electric power is not neces- 
sarily the most economical from the standpoint of fuel or 
power consumed, it is more convenient, usually saves man- 
hours, and insures smoother operation of machinery. High 
pressures of 350 lb. or over are not necessarily essential for 
effective spraying, but they add to the assurance of effective 
spraying and aid materially in speeding up the process. It 
costs less to operate the stationary plant than the portable 
plant, and the time of spraying is considerably shortened. 
The California station has pointed out especially that spray- 
ing may be done with the stationary plant in spite of adverse 
soil or weather conditions, and pests requiring quick action 
may be speedily controlled. It was also found possible to 
combine the advantages of the portable sprayer and the station- 
ary plant by- piping sections of the orchard that would be 
benefited and using the portable sprayer for supply and 
power. In this arrangement the portable rig becomes the 
pumping station for the permanent piping system and at 
other times is available for spraying parts of the orchard 
where there is no pipe line. 


Feed Grinding. The Iowa station has found that a small 
motor can be used for feed grinding, that time control is 
practicable, and that quantity control is easily arranged. 
The small grinder was found to be as efficient as larger 
grinders, and the use of magazine bins saves labor. 

These typical results, selected at random, suggests that 
machinery studies, whether of field or belt-driven machines, 
must consider the development or improvement of the ma- 
chines either to function more satisfactorily or with a smaller 
labor and power requirement, or both. They also suggest 
that the mere comparative testing of methods and machines 
as they are is not sufficient. In order to meet the increasing 
demands for less costly agricultural production, the work 
must be carried further than the cataloguing and testing 
of existing practices and apparatus with the object of arbi- 
trarily selecting what appears to be the best of these for 
recommended use. The requirements back of all farm prac- 
tices must be identified and analyzed. If it can be ascertained 
that existing methods and machines fully meet these require- 
ments from the standpoints of effectiveness and economy in 
power, time, and labor, it is not necessary to go further. 
If, however, as is frequently the case, present methods and 
machines are not fully adequate, the typical results enumer- 
ated above should drive home to every investigator of me- 
chanical farm equipment the necessity for basing his work 
on fundamental and constructive thought. 


Power. When dealing with power machinery it seems 
fitting to draw attention to the progress of some of the 
work which is being done with horses as motors. While 
the horse is not, strictly speaking, a mechanical device, he 
is nevertheless a source of farm power which has probably 
never been most efficiently or economically used. 

At one time a member of the machine testing station of 
the French National Institute of Agronomy made a mechanical 
analysis of the horse as a source of draft power. This has 
been supplemented from time to time by others and has re- 
sulted in such developments as the method of testing the 
pulling power of horses at the Iowa station. 
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It seems likely that work of this nature should result ip 
the better use of draft horses. The Iowa station showed 
clearly that it is possible for horses weighing from 1500 
to 1900 Ib. or more to continuously exert 1 hp. or more for 
periods longer than a day. It is also possible for a well- 
trained horse to exert an overload of over 1000 per cent for 
a short time, and horses may exert a tractive effort of from 
one-tenth to one-eighth of their own weight and to travel a 
total of 20 mi. per day without undue ‘fatigue. 


The Illinois station, in continuing work with tandem 
hitches, has found that short levers should be avoided especial- 
ly when used to distribute the pull between the front and 
rear horses. In working out 4-3 and 4-4 teams on three 
bottom plows such side draft as must be taken by the team 
should, for the most part, be placed on the lead horses. 
Supporting the front evener and the lead rod when turning 
at the end has not been found so important a factor as it 
might appear. It is considered doubtful that on the average 
farm a team should be strung out more than the length 
of two horses. The pulley has been found to have some 
advantages as an evener between the front and rear horses. 
Seven horses can be used to pull three 12-in. bottoms and eight 
to pull three 14-in. bottoms. 

Investigations such as these on why and how a horse can 
exert power and his capacity for such exertion and on the 
best ways to use him alone and in numbers seem both basic 
and constructive in connection with efforts to introduce 
economy into agricultural production. Their importance is 
appreciated even more under less advanced conditions. Ex- 
periments conducted at the Potchefstroom Agricultural Ex- 
periment Station in South Africa, for example, resulted in the 
development of methods and equipment for yoking oxen to 
prevent side draft in single and gang plows. The results 
showed that the formula, Di = 6 + (n + 1) W, can be used 
for calculating the proper width of yokes between skeys 
for different types of plows. In this formula Di is the width 
of yoke between skeys, n is the number of plow bottoms, 
and W is the width of cut of each plow bottom. 


In connection with studies of the horse as a motor the 
question arises as to the desirability of extending this work 
into a cooperative undertaking with the animal industry 
people. The work so far has accepted the horse as he is. 
Tractors and stationary engines are developed, on the other 
hand, to meet the requirements of the operations they must 
perform. While perhaps not fully feasible, the thought never- 
theless occurs that it might be possible to breed certain 
power-producing characteristics in draft horses. If the draft 
requirements of certain operations are known, this procedure 
might make possible the more efficient and economical use of 
horse power. It seems likely that the idea is worthy of some 
consideration at least. 


(To be continued in the September issue) 


A “Caterpillar’’ tractor disking ” a California orchard. It appears 


to be ‘‘uphill’’ work, but not when there is plenty of power 
available 
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A review of current literature on agricultural engineering by R. W. Trullinger, specialist 
in agricultural engineering, Office of Experiment Stations, U. S. Department of Agriculture 
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Plows and Plowing, J. M. Smith (Alberta University, College 
of Agriculture Bulletin 6, 2. ed., rev. (1926), pp. 32, pls. 3. figs. 25). 
—This is the second revised edition of this bulletin. 


Water and Sewerage Systems for Florida Rural Homes, F. 
Rogers (Florida University Agricultural Extension Bulletin 46 
(1926), pp. 20, figs. 11).—Practical information on the planning and 
construction of water supply and sewage disposal systems for 
Florida rural homes is presented, together with working drawings 
of different types of systems. 


The Farmer’s Shop Book, L. M. Roehl (Milwaukee: Bruce Pub- 
lishing Co., 1924, pp. 482, figs. 131).—This is a handbook of informa- 
tion relating to construction and repair jobs on the farm. 


Lubrication Data from Cooperative Fuel Research, S. W. Spar- 
row and J. O. Eisinger (Industrial and Engineering Chemistry, 
18 (1926), No. 5, pp. 482-485, figs. 4).—A continuation of studies 
by the U..S. Bureau of Standards is reported which give data 
on crankcase oil dilution, the effect of dilution on viscosity, and 
viscosity requirements. The data indicate that in general break- 
away torque is not affected by changes in the viscosity of the 
oil upon the cylinder wall, regardless of whether these changes 
are produced by a change in temperature of the jacket water 
or by a change in the original viscosity of the oil in the crank- 
case. Similar results were obtained when the enine was rotating 
very slowly. At higher speeds, however, a marked influence of 
viscosity upon engine friction was apparent. 

These results are taken to indicate that when an engine is 
started or when it is being rotated extremely slowly practically 
all of the oil is squeezed out from between the rubbing surfaces 
and lubrication is dependent almost entirely upon the so-called 
oiliness film. This belief is supported by the fact that the addition 
of 5 per cent of lard oil containing 2.9 per cent oleic acid reduced 
the breakaway torque by about 25 per cent. 


Fuel from Pine Stumps: A Land Clearing By-Product, M. J. 
Thompson and A. J. Schwantes (Minnesota Station Bulletin 227 
(1926), pp. 5-15, figs. 5).—Data from nine experimental plats for 
the study of the conversion of pine stumps into fuel which were 
under observation in 1924 and 1925 are presented and discussed. 
The stumps averaged 56.9 per acre i nnumber and 18.5 inches in 
diameter. The cord wood production ranged from 3.13 to 16.88 
cords per acre, with an average of 9.74 cords. It required 10 
hours to blast an acre of stumps and 2.8 days of man labor and 
3 of horse labor to assemble the stump fragments for sawing. It 
required 65 pounds of explosive to stump an average acre. Much 
of the stump material needed splitting or blasting before sawing. 
This required not quite one hour per cord. About 1.75 hours of 
one man’s time, nearly 0.75 hour of tractor time, and a trifle over 
0.25 pound of explosive were required to saw one cord of stump 
wood fuel. The total cost, including clearing, of a cord of stump 
wood fuel tightly piled, was found to be about $4.00. This included 
labor 57 per cent, blasting material 31 per cent, and power 12 
per cent. Clearing the land constituted 70 per cent of the fuel 
costs, and working the stumps into fuel made up the remaining 
30 per cent, 


Irrigation Methods (Oregon Station Biennial Report 1923-24, p. 
82).—In studies at the Umatilla Substation it is reported that tests 
on the proper size of borders show that they should be con- 
structed 30 to 40 feet wide and 150 to 200 feet long, depending 
upon the size of the head of water available, the character of the 
soil, and the topography of the land. Tests to determine the 
economical application of water to sandy soil types without loss 
from percolation showed that the coarser types should not be irri- 
gated with over 3 inches of water, the medium types with 4 inches, 
and the finer types with 5 inches per application. 


Static and Impact Strains in Concrete, J. T. Thompson (U. 8. 
Department of Agriculture, Public Roads, 7 (1926), No. 5, pp. 93-100, 
figs. 13).—Studies conducted by the Bureau of Public Roads in 
cooperation with Johns Hopkins University on the action of plain 
concrete beams under impact forces, and specifically to determine 
the static and impact moduli of rupture, are reported. 

The results showed that plain concrete beams subjected to static 
load have a considerably lower modulus of rupture than exactly 
similar beams subjected to successive impacts of increasing 
magnitude caused by dropping a weight upon the beam 
from progressively increasing heights when the weight is dropped 
but once from each height. Under these conditions, in which the 
weight was dropped only five times from each height, the beams 
resisted without failure impact forces considerably in excess of 
the static loads which caused failure. 

When, on the other hand, the beams were subjected to repeated 
applications of impact» of the same magnitude, the greatest impact 
they would ,successfully withstand was that which produced a 
tensile stress equal to about 55 per cent of the static modulus of 


rupture. This is taken to indicate that the behavior of the con- 
crete under impact is very similar to its behavior under static 
loads. Beams subjected to static loads for ten seconds at a time 
showed the lowest modulus of rupture and impacts of an estimated 
duration of 0.015 second the highest, with an intermediate value 
corresponding to impacts of an estimated duration of 0.03 second. 

The results also showed that the variation in stress from the 
top to the bottom of the plain concrete beam may not be repre- 
sented by a straight line, but that the error involved in that assump- 
tion is small for ordinary safe working loads. It was also indicated 
that the impact force corresponding to a given height of fall is 
much greater when the fall is cushioned by worn solid rubber 
tires than when the cushioning medium is a new tire. 


Some Observations Upon the Effect of the Size of the Container 
Upon the Capillary Rise of Water Through Soil Columns, H. A. 
Wadsworth and A. Smith (Soil Science, 22 (1926), No. 3, pp. 199- 
211, figs. 2).—Studies conducted at the California Experiment 
Station are reported in which evidence was obtained that the 
extent of capillary rise through soil masses from a free water 
table is affected by the cross sectional area of the column under 
consideration. In general large columns showed a greater rise 
after a given time than did small columns. 

The results are taken to indicate that the size of the container 
is of greatest importance in columns with a cross sectional area 
of less than 25 square inches. Intensive soil moisture samples 
indicate that there is no uniform distribution of moisture throughout 
the length of the capillary columns. 

A point or zone of maximum moisture content was found at 
an appreciable distance above the water table. Some evidence 
was obtained that in columns of small cross sectional areas the 
distance of this zone of maximum moisture content above the 
water level varies with the size of the column, being greater as 
the columns become larger. When the cross sctional areas of 
the columns became greater than about 16 square inches further 
increases in size did not affect the relative position of this zone 
of maximum moisture content. 

Moisture samples taken at various points in the same horizontal 
plane within the column indicated a fairly uniform and consistent 
moisture content at all points. No experimental evidence was 
obtained to support the belief that the upward rise as indicated 
through the glassed face of a capillary column is not indicative 
of the rise within the whole soil mass. 


The Role of Oiliness in Industrial Lubrication, W. C. Wilharm 
(Industrial and Engineering Chemistry, 18 (1926), No. 5, pp. 463- 
467, figs. 3).—The importance of efficient lubrication is outlined, 
and the mechanism and possibilities for improving this factor, 
especially as it applies to electrical machinery and such other 
types as are not subjected to high temperatures, are discussed. 
The property of oiliness is considered as a means of improvement 
and a modified inclined plane is described as a method of measur- 
ing this property. 

A number of determinations were made with a brass plate and 
steel slider lubricated with several typical lubricants. The results 
showed a difference in the lubricating value of various lubricants 
that is not shown in the tests usually made. : 

A comparison of a Pennsylvania crude with a lubricating frac- 
tion of the same material showed that the process of refinement 
was not detrimental to the oiliness property of the oil. 

The conclusion is drawn that the secret of good oiliness is 
to have a tenaciously adsorbed film of such thickness that the 
projecting asperities can not interlock. The friction would thus 
be a function of the attractive forces of the metals, the tensile 
strength of the metals, and the internal friction of the lubricant. 
It is thought that this may partly explain why soft bearing metals 
such as the babbitts give lower resistance than the harder metals. 


Duty-of-Water Experiments [at the Harney Valley Substation] 
(Oregon Station Biennial Report 1923-24, p. 81).—Duty of water 
experiments are reported to have indicated the best results from 
12 to 14 acre-inches per season for cereals, 18 to 20 for alfalfa, 
18 for clover, 30 for Mammoth Russian sunfiowers, 14 to 16 for 
field peas, 18 for peas and oats, 10 for potatoes, and 12 acre-inches 
for beets and mangels. : 


Principles Underlying the Use of Equilibrium Oils for Auto- 
motive Engines, R. E. Wilson and R. E. Wilkin (Industrial and 
Engineering Chemistry, 18 (1926), No. 5, pp. 486-490, figs. 7).— 
This paper presents a theoretical analysis of crankcase oil dilu- 
tion and the development of the fundamental laws, assuming that 
dilution approaches an equilibrium condition in the crankcase. 
Experimental data from road tests and dynamometer trials were 
obtained to determine the constants and to test the validity of 
these laws. 

These data show that under average conditions the crankcase 
oil loses about two-thirds of its viscosity in the first 150 miles 
of winter service and thenceforth remains practically unchanged 
if operating conditions are constant. In order to make an oil 
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which will givesatisfactory starting and cold lubrication, and 
will at the same time have sufficient viscosity at all times in 
the average engine, it is suggested that a heavy oil of from 425 
to 525 seconds viscosity at 100 degrees Fahrenheit be blended 
with from 10 to 12 per cent of a distillate having a boiling range 
substantially identical with that found in the average crankcase 
at equilibrium. It is possible, by this means, to produce an oil 
with an initial viscosity of about 200 seconds which gives easy 
starting and adequate cold lubrication, and yet is so near the 
average equilibrium dilution that in general it mantiains an opti- 
mum viscosity throughout its entire service. The results of ex- 
tensive tests of such oils are presented. 


Farm Lighting Systems, M. M. Jones (Missouri Station Bulletin 
243 (1926), pp. 19, figs. 4).—Three types of farm lighting systems 
are described, namely, the acetylene and individual electric types 
and the system receiving energy from the rural electric line. 
The results of a questionaire to determine the degree of satis- 
faction that each of these types is giving in actual use are also 
presented. 


The data on acetylene planis indicate that the greatest objec- 
tions are time and trouble of recharging, high cost, and the fact 
that this system can not be used for power. The cost of light 
from this system is not high as compared to electric lights and 
is very little, if any, higher than light from kerosene lamps. The 
greatest disadvantages of individual electric plants are the expense, 
the time and trouble required to care for the plant, and the 
inability of the plant to operate large motors. It is stated that 
a rural eelctric line is the ideal source of electricity for the 
farm where it can be economically secured. 


Concrete Designers’ Manual, G. A. Hool and C. S. Whitney 
(New York and London: McGraw-Hill Book Co., 1926, 2. ed., pp. 
XII + 329, figs. 222).—This is the escond edition of this book 
which contains tables and diagrams for the design of rein- 
forced concrete structures. It contains sections on slabs, flat 
slabs, rectangular beams, doubly reinforced beams, T-beams, shear 
reinforcement, columns, bending and direct stress, footings, sym- 
metricai arches, miscellaneous, and rulings pertaining to design 
and working stresses. 


Report of Investigational Work on the Use of Electricity in 
Agriculture by the Farm Mechanics Department of the University of 
Mlinois, E. W. Lehmann (Springfield, Illinois, 2: R. V. Prather, 1926, 
pp. 16, figs. 2).—A brief description is given of the work on the 
subject being done by the Illinois Experiment Station, and some of 
the progress results are presented. , 

Detonation Characteristics of Petroleum Motor-Fuels, S. P. 
Marley, D. R. Stevens, and W. A. Gruse (Journal of Society of 
Automotive Engineers, 20 (1927), No. 2, pp. 214-220, figs. 3).— 
Studies conducted at the Mellon Institute of Industrial Research 
are reported. 


_ The results showed that no dependable method is available for 
‘determining the detonating tendency of motor fuels except that of 
direct engine tests. A ratio was found for the knock-reducing 
tendency of a naphthene, an olefin, and an aromatic hydrocarbon 
differing from that indicated by the work of Ricardo. Evidence is 
presented for the general belief that the detonating tendency of 
gasoline fractions increases with a rise in the boiling point. 

The conclusion is drawn that while it is probable that cracking 
offers the readiest way for most petroleum refiners to produce 
motor fuels of improved antiknock value from petroleum, it does 
not necessarily follow that all cracked gasolines constitute satis- 
factory antiknock motor fuels. ‘The results obtained by the use of 
different standard fuels indicate the desirability of an agreement 
as to detonation standards. 

An examination for detonating qualities of eighteen petroleum 
gasolines, using a single-cylinder engine, showed an aromatic 
equivalence of paraffins, naphthenes, and unsaturated and aromatic 
hydrocarbons of 5 : 4:1. 

Experiments were made in which a constant proportion of one 
hydrocarbon of each class was added to a gasoline and the de- 
tonating tendency of the resulting mixture determined by engine 
tests. The use of two gasolines as base fuels and a system of 
intercomparisons gave results indicating an equivalence shown 
by the ratio 2 : 2 :1. It was found that the degree of correlation 
between results by engine test and results by chemical analysis will 
vary with the quality of standard fuel employed. 


Drainage By Means of Pumping From Wells in Salt River 
Valley, Arizona, J. C. Marr (U. S. Department of Agriculture Bul- 
letin 1456 (1926), pp. 22, pls. 3, figs. 15).—The practice is described 
and an analytical study of some of the results obtained in con- 
junction with the existing conditions is presented. 

Test borings in the Salt River Valley project showed that about 
half of the project is underlaid by a coarse water-bearing forma- 
tion from which water may be pumped. The use of electrically 
driven pumps in wells located in damaged areas was successful 
in reclaiming water-logged land and in checking the rise of ground 
water in sections not yet damaged. The pumped water has also 
been used very largely to augment the supply available for irriga- 
tion. The cost of the completed drainage system for -03,000 acres 
of cultivated land was approximately $5.20 per acre. 


Plants as Indicators of Ground Water, D. E. Meinzer (Journal 
of Washington Academy of Science, 16 (1926), No. 21, pp. 553-564). 
—In a contribution from the U. S. Geological Survey a study is 
presented of the desert phreatophytes, and data are presented on 
the general limits of the depth to the water table indicated by 
the principal phreatophytes in the areas investigated. 

These indicate that the species investigated, with the possible 
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exception of pickleweed, may grow where the upper layer of ground 
water contains only small amounts of mineral matter and is of 
good quality. Thus of thirteen samples of ground water obtained 
in Big Smoky and Ralston Valleys, Nevada, at points where salt 
grass was growing, eleven samples contained less than 1,000 parts 
per million of total solids, eight contained less than 500 parts, and 
five less than 300 parts. More than half contained less than 
thirty-five parts per million of chloride. On the other hand 
the data show that all these species may be found growing where 


the ground water is highly mineralized, even mesquite not being 
an exception. 


‘ pouching Up the Old Furniture, M. M. Miller (Kentucky Agri- 
cultural College Extension Circular 199 (1926), pp. 12).—Practica) 


information on the retouching and refinishing of old furniture 
is presented. 


Cast Iron in Its Relation to the Automotive Industry, E. J. 
Lowry (Journal of Society of Automotive Engineers, 20 (1927), 
No. 2, pp. 277-290, figs. 13).—Studies are reported which tend to 
prove that true hardness is not measurable by any known test 
and that the present hardness test is not a function of machin- 


.ability or of wear and that combined carbon bears little relation 


to any of these three factors. The governing features seem to be 
the forms of carbon, the structure of the iron, and the quality 
of the materials used. The method used in determining quality 
of material was that of dilatation. This test showed that the ex- 


= of the casting is related to the expansion of the material 
used.” 


Hydro-Electric Power in Washington.—Part II, \ Bibliography 
Technical Papers, 1878-1924, C. E. Magnusson (Washington [State] 
University, Engineering Experiment Station Bulletin 36 (1926), pp. 


143, figs. 2).—A bibliography of technical papers on the subject 
is presented. 


The Role of Metallic Colloids in the Suppression of Detonation, 
H. L. Olin, C. DB. Read, and A. W. Goos (Industrial and Engineer- 
ing Chemistry, 18 (1926), No. 12, pp. 1316-1318, figs. 4).—Experi- 
ments conducted at the University of Iowa are reported in which 
gasoline was tested with different compounds. Experiments with 
straight gasoline treated with tetraethyl lead in different forms 
showed that the superiority of the fuels used was due to the 
presence of undecomposed ethyl rather than to the colloidal metal 
present. Further experiments with nickel carbonyl indicated that 
free metallic particles suspended in the combustion zone of the 
cylinder do not have a measurable effect in suppressing detonation. 


The Use of Explosives on the Farm, A. J. Schwantes (Minnesota 
University Agricultural Extension Special Bulletin 110 (1926), pp. 
20, figs. 18).—Practical information on the subject is presented, 
with particular reference to the use of explosives for stone and 
stump removal under Minnesota conditions. 


Irrigation and Drainage Problems in the Gallatin Valley, H. E. 
Murdock (Montana Station Bulletin 195 (1926), pp. 36, figs. 24).— 
Some of the pressing problems in irrigation and drainage in the 
Gallatin Valley, Montana, are described, and suggestions are offered 
for their solution. 


In general the soils of the valley are of a fine texture, consist- 
ing of heavy alluvial or silty loams which frequently carry exten- 
sive accumulations of cobblestones and gravel. There seems to be a 
plentiful supply of water for irrigating all of the land in the 
valley, but the difficulty is to get this water to the right place at 
the right time. The problems of irrigation and drainage are 
rather intimately associated, as the seepage conditions throughout 
the valley are largely brought on by the irrigation. During low 
water in some seasons the seepage and evaporation losses are 
excessive in the river channels. At present it is necessary to 
endure these losses in order to get a supply of irrigation water to 
the older water-right ditches which are in the lower part of the 
valley. If these needs could be supplied by pumping water from 
the underground supply, the problems of both irrigation and drain- 
age would be at least partly solved. The belief is expressed that 
this is a practical and economical method of relief. It is also 
believed that the equitable and sucecssful solution of the prob- 
lems would require the organization of the valley into one large 
irrigation and drainage district. 


Principles of Refrigeration, W. H. Motz (Chicago: Nickerson & 
Collins Co., 1926, pp. XI + 657, pls. 10, figs. 153).—This is a com- 
prehensive treatise on the fundamental principles of the operation 
of ice making and refrigerating machinery, on the properties and 
values of the principal media used in modern refrigerating appar- 
atus, on the transmission of heat, on the functions and values 
of insulating materials, on the construction and operation of the 
various parts of refrigerating apparatus, and on the application 
of refrigeration to its varied uses. 


Report of the Committee on the Development of Ground-Water 
Supplies, G. W. Putnam et al (U. S. Public Health Service, Public 
Health Bulletin 160 (1926), pp. 43-55, 135-138).—This report was 
presented at the sixth annual conference of state sanitary engi- 
neers held at Louisville, Kentucky, April, 1925. It considers the 
sanitary defects affecting the safety of water obtained from various 
types of ground water supplies and the safeguards which should be 
employed to remedy them. Examples are given of towns in which 
epidemics have occurred due to the various defects. 

The data indicate that there are many sanitary defects in 
connection with ground water supplies which have in the past 
caused the intermittent infection of otherwise safe supplies. In 
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many instances difficulty in adequately safegarding aground water 
supply amply justifies the continuous disinfection of the water as 
insurance against intermittent slight contamination. A code of 
principles on sanitary control in the development of ground water 
supplies is included. . 
Irrigation With Treated Sewage in Western Texas, H. N. Rob- 
erts and D. L. Jones (Engineering News-Record, 97 (1926), No. 
26, pp. 1026-1028, figs. 3).—A description is given of a sewage 
farm of one hundred acres which is operated under the direction 
of the Texas experiment station and which has been receiving 
the effluent from the sewage works of Lubbock, Texas, since Febru- 
ary, 1926. Hight different crops have been irrigated, and the flow 
averages about 1.05 acre-feet per day. It is stated that not the 
slightest odor or other bad feature is noticeable except the light 
green color of the clear sewage in the canals. The soil is a fine 
loose sandy loam underlain by a sandy clay. These formations 
seem abel to assimilate every large quantities of water and are 
able to retain a small rainfall for a long time. February irriga- 
tion has been found to be very important, and it is said to be 
possible to detect to a row where February irrigation was used. 


An Elementary Treatise on Statically Indeterminate Stresses, 
J. I. Parcel and G. A. Maney (New York: John Wiley & Sons; 
London: Chapman & Hall, 1926, pp. XIII +- 368, pl. 3, figs. 178).— 
This book contains chapters on deflections; general theory of 
statically indeterminate stresses; special methods of attack; con- 
tinuous girders; the rigid frame; the elastic arch; secondary stress- 
es; and general discussion of statically indeterminate construction, 
historical review, bibliography. 


Effective Haying Equipment and Practices for Northern Great 
Plains and Intermountain Regions, L. A. Reynoldson and C. D. 
Kinsman (U. S. Department of Agriculture, Farmers’ Bulletin 1525 
(1927), pp. II + 28, figs. 23).—A description is given of improved 
equipment used for handling hay by ranches in different sections, 
of effective practices that are employed, and of the organization 
and handling of haying crews on different ranches. 


Concrete, Plain and Reinforced.—Vol. I, Theory and Design of 
Concrete and Reinforced Structures, F. W. Taylor, S. E. Thompson 
and E. Smulski (New York: John Wiley & Sons; London: Chapman 
& Hall, 1925, vol. 1, 4. ed., pp. XIV + 969, pls. 7, figs. 327).—This is 
the fourth edition of this book. It contains chapters on materials 
and methods for making concrete; reinforcement; tests of reinforced 
concrete; theory of reinforced concrete; reinforced concrete design, 
design of flat slab structures; concrete and reinforced concrete 
columns; foundations and footings; piles: building construction; 
wall bearing construction; basement walls; roof construction; 
stairways; fire exits, and elevator shafts; steel window sash; struc- 
tural plans for buildings; architectural treatment of exterior and 
interior of reinforced concrete buildings (prepared by H. C. Rob- 
bins); concrete in construction of theaters and auditoriums; rein- 
forced concrete in different types of buildings; reinforced concrete 
chimneys; retaining walls; and tables and diagrams. 


The Domestic Oil Burner, A. H. Senner (U. S. Department of 
Agriculture, Department Circular 405 (1927), pp. 30, figs. 23).— 
The results of tests of a number of oil burners of different design 
are reported, on the basis of which an attempt is made to give 
the information necessary for the home owner to select an oil 
burner. 

The results indicate that oil burners are well suited to the 
requirements of many home owners on account of their convenience 
and ease of heat control if the prospective purchaser is willing 
to pay the cost of the change and possibly an increased operating 
cost. It is stated that several types of burners now on the market 
afford good combustion of oil fuels, and the tests indicate that 
there is no material difference in the efficiency of the better makes. 
Any burner which will burn the fuel without giving of soot or 
smoke and does not require a great excess of air is considered 
as satisfactory with regard to combustion. It is stated further 
that if the present plant when burning coal does not give sufficient 
heat very probably an oil burner will not improve this condition. 
In general warm air heaters are less suited to oil burner installa- 
tions than are hot water or steam plants. 


Recommended Building Code Requirements for Working Stresses 
in Building Materials, I. H. Woolson et al. (U. S. Department of 
Commerce, Bureau of Standards, Elimination of Waste Series, 
BH9 (1926), pp. VI + 53, figs. 4).—This report is the sixth of a 
series on the elimination of waste and is in three parts. Part 1 
describes the organization and purposes of the Building Code Com- 
mittee, part 2 presents requirements recommended for adoption in 
building codes, and part 3 explains briefly the basis of the recom- 
mendations of part 2 and discusses the conditions by which they 
are limited. Various references to good building practice are 
also given, together with other information helpful to building 
code committees. Some of this material, especially stress tables 
and formulas for timber, seems quite suitable for use by agricul- 
tural engineers. : 

Small Water Powers, F. J. Taylor (Estate Magazine, 25 (1925), 
Nos. 7, pp. 509-514, figs. 4; 8, pp. 596-604, figs. 9).—Information 
is given on the design of small water power plants especially 
adapted for farm conditions. 


The Flow of Water Through Culverts, D. L. Yarnell, F. A. 
Nagler, and S. M. Woodward, Iowa University Studies Engineer- 
ing Bulletin 1 (1926), pp. 128, pls. 23).—figs. 26).—Studies con- 
ducted in cooperation with the U.S.D.A. Bureau of Public Roads 
are reported, the purpose being to determine (1) the quantity 
of water which will flow through culverts or sluiceways under 
levees of different materials, sizes, and shapes under conditions of 
actual use, (2) what conditions tend to increase or decrease such 
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quantity, and (3) what principles should be followed in design to 
secure the greatest discharging capacity for the least cost. 


The results of 1,480 experiments on pipe culverts made of 
concrete, vitrified clay, and corrugated metal of 12, 18, 24, and 30- 
inch sizes, and 1,821 tests on concrete box culverts of sizes vary- 
ing from 2 square feet cross section to 6 square feet cross section 
are analyzed. The tests were made on culverts flowing partly 
full and full with both a free and submerged outlet, and various 
types of entrances were used. The discharging capacity of a 
culvert was found to depend primarily upon its cross section and 
the difference in water levels at the two ends. To obtain the 
maximum discharge the culvert must be so laid as to insure the 
full cross section being filled by flowing water. If a culvert is 
so laid that both its upstream and downstream ends are completely 
submerged, the amount of water which it discharges will be pro- 
portional to the square root of the difference in water levels at 
the two ends. It was found that the exact grade at which the 
culvert is laid has no effect upon its maximum discharging capacity. 

The tests of pipe culverts showed that the coefficient of rough- 
ness n in the Kutter formula for the concrete pipe ranges from 
0.012 for the 12-inch size to 0.013 for the 30-inch size, for the 
vitrified clay pipe from 0.01 to 0.013, and for the corrugated metal 
pipe from 0.019 to 0.023. 


On the basis of these studies the formulas derived for culverts 
30.6 feet long with straight end wall entrances were as follows: 
Concrete pipe with beveled lip end upstream 
Q = 4.61 D?-18 Ho.50 
Concrete pipe with square cornered entrance, 
Q = 4.40 D?- Ho.” 
Vitrified clay pipe with bell end upstream, 
Q es 5.07 [2.05 H°.# 
Corrugated metal pipe 
Q = 3.10 D?-3 Ho. 

The general discharge formulas derived for pipe culverts with 
straight end wall entrance and of any size and length, when flowing 
full, were as follows: 

Concrete pipe, beveled lip entrance, 
Av 2H 
Q —— 


V 0.026 L 
i He Resear Ses 
p13 


Concrete pipe, square cornered entrance, 
Av 2H 
Q= 
V 0.026 L 
1+ 0.31 D®.5 + ———___- 
Dp: 


Vitrified clay pipe, regular bell end upstream, 
Av 2g H 


0.022 L 


Vi + 0.028 D*9 + ——____ 
pre 


Corrugated metal pipe, 
Av 2e¢H 
Q = 


V 0.106 L 
1 + 0.16 D®-* -+- ——_—_—_—_ 
p'.2 


In these formulas, Q = discharge in cubic feet per second, A cross 
sectional area of pipe in square feet, D=— diameter of pipe in feet, 
L = length of culvert in feet, H — head on pipe in feet or the differ- 
ence in the water level at the two ends of the culvert, and g= 
acceleration of gravity. 

The following general discharge equations were developed for 
concrete box culverts with straight end wall entrances when flowing 
full: 

Box culverts with rounded lip entrances, 
Av 2H 
Q = 


V 0.0045 L 
1... 4 —— 
R125 


Box culverts with square cornered entrances, 
Av 2H 
Q = 


= 0.0045 L 
1+ 0.4 Ro? + 
R13 


in which the same symbols are used as in the pipe culvert formulas 
and the term R is the mean hydraulic radius of the culvert in feet. 

Rectangular concrete box culverts were found to require more 
head to overcome friction than square concrete box culverts of the 
same area, and hence have a smaller carrying capacity provided 
the entrance losses are the same. The head lost in friction for 
culverts of the same area varied inversely with the hydraulic 
radius. However, the entrance losses on the rectangular culverts 
tested were less than those on the square culverts with the same 
area and type of entrance. 

A detailed comparison and discussion is given of the results 
of the tests on different types of pipe and box culverts. 
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66 S I see it, agriculture is interested in industrial meth- 
ods of production based upon scientific facts. Since 
agriculture is an industry of approximately six and 

one-half million units, each unit cannot maintain a laboratory 
for its individual use, but collectively these units depend 
upon the U. S. Department of Agriculture and the land-grant 
colleges and experiment stations for this aid. In economical 
production, machinery is an important factor. The design, 
adaptation, use and operation of machines in any industry 
involves engineering. Our states have recognized that engi- 
neering is an important part of agriculture by the establish- 
ment of agricultural engineering departments in oureland- 
grant colleges. To make this organization complete, to pro- 
vide an adequate system of engineering service to agriculture, 
we need in the federal department of agriculture at Washing- 
ton a central correlating agency of the same standard and 
dignity as now afforded other branches of agriculture, such 
as animal husbandry, plant industry, dairying, soils, econom- 
ics, etc.—that is, a separate bureau of agricultural engineer- 
ing.” 

The foregoing statement is quoted from a letter to the 
Secretary of the Society anc! by one of the foremost agri- 
cultural engineers in this country. It sets forth in a concise, 
comprehensive, and convincing; manner why a separate bureau 
of agricultural engineering in the U. S. Department of Agri- 
culture is an immediate necessity. It tells the whole story. 
It meets every argument. It could be elaborated upon in- 
definitely, but it is a complete statement in itself. 

No thinking person would question the statement that 
engineering is a vital factor in the manufacturing industries. 
And it is a surprising fact how many people nowadays nod 
assent when the statement is made that engineering is just 
as vital a factor in agriculture. Even persons who are not 
close to the agricultural industry recognize the place and im- 
portance of engineering in agriculture. 


Yet today agricultural engineering has not even the voice 
of an independent bureau in the U. S. Department of Agri- 
culture, for the benefit of the American farmer and the com- 
mercial and social interests that depend upon him to supply 
them with the raw material for food, clothing, and shelter. 
The agricultural-engineering activities of the Department are 
confined to a mere division in the Bureau of Public Roads, 
with which is has no logical connection whatsoever. 

The American Society of Agricultural Engineers has very 
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actively interested itself in the effort to have a separate bur. 
eau of agricultural engineering established. In fact, the 
Society might well make this one of its major activities the 
coming year, if not its principal objective, Undoubtedly, no 
other one thing would do so much to stimulate interest anq 
activity in the engineering phases of agriculture. 


The accomplishment of this objective would also do much 
to raise the standing of agricultural engineers generally. {It 
is for this reason that members of the Society should leave 
no stone unturned in giving active support to the effort that 
is being made to have the bureau established. Members of 
the Society have received suggestions direct from the Secre- 


tary’s office on what is necessary on their part. Prompt, ag- 
gressive action is essential. 


Soil Erosion 


HE statement of the soil erosion problem on the front 
cover of this issue of AGRICULTURAL ENGINEERING, the 
author of which is L. A. Jones, senior drainage engineer 
of the U. S. Department of Agriculture, challenges the most 
serious attention of the agricultural-engineering profession. 


Mr. Jones has certainly not overstated the importance and 
seriousness of this problem. 


Agricultural engineers in several states have for a number 
of years been devoting special attention to this most important 
phase of agricultural engineering. However, the industry 
of agriculture and the public at large do not- realize the 
serious consequences to follow if this problem is not faced 
and solved. The agricultural engineers have the key to the 
situation. They have demonstrated how erosion of the soil 
may be effectively controlled, and with great gain to agri- 
culture and especially to future generations dependent upon the 
soil. It is doubtful if there is any other avenue in which 
agricultural engineers can be of greater service to agriculture, 


Volunteers 


OST members of professional societies have had it 
brought to their attention many times that the benefit 
derived from membership in such organizations is in 

proportion to the contributions members make “to the good 
of the order,” that is, their participation in the activities 
of such societies. Those who take an active part in the 
work, in addition to deriving a great deal of benefit individual- 
ly, are helping in no small measure to advance the profession 
as a whole. It is a noteworthy fact in this connection that, 
for the most part, the men who have made the greatest ad- 
vance in the agricultural engineering profession are those 
who have been most active in A.S.A.E. work. 


The policy the officers of the Society have attempted to 
follow is to get as many members as possible actively engaged 
in Society work of some sort. This is not an easy task for 
it is impossible for the officers to know the capabilities and 
desires of more than a small percentage of Society members. 
Members have been urged to indicate particular lines of work 
they would like to undertake. As a matter of fact, there is 
a job for every member, and the officers welcome suggestions 
from members as to the kind of work they would like to do. 
At the recent annual meeting both the retiring and incoming 
presidents emphasized the desirability of members notifying 
the officers of their willingness to be active in Society work. 
One reason more members do not ask to be given work in 
the Society is no doubt because they feel it would not be 
a dignified thing to do. This, however, is not a legitimate 
reason. It is not a case of asking a favor but offering one’s 
services in a common cause. 


In offering their services in this manner, members are 
requested to indicate definite projects or branches of Society 
work they prefer. Doing this helps the officers to assign 


them to something in which they can make their best contri- 
bution. 


In a word, the Society has a great work to do, a work 
to which every member can make a worthwhile contribution. 
This calls for volunteers. 
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